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SUMMARY
Seven s h e a th in g  m y c o r rh iz a s  o f  n u r s e r y  grown P . s i t c h e n s i s  w ere  
c h a r a c t e r i s e d  u s in g  th e  c o n s i s t e n t  i n t r i n s i c  m o rp h o lo g ic a l  f e a t u r e s  
o f  each  m y c o r r h iz a l  a s s o c i a t i o n ,  p r i m a r i l y  s h e a th  m o rp h o lo g y  and  h y p h a l 
o rn a m e n ta t io n . T h ese  f e a t u r e s  w ere  o b s e rv e d  by  m eans o f  l i g h t  
m ic ro sc o p y  to g e t h e r  w i th  t r a n s m is s io n  and  s c a n n in g  e l e c t r o n  m ic ro sc o p y .
The f u n g a l  sy m b io n t o f  each  m y c o r rh iz a  was i s o l a t e d  and  th e n  u s e d  
to  s y n t h e s i s e  m y c o r rh iz a s  a s e p t i c a l l y .  The m o rp h o lo g y  o f  th e  s y n th e s i s e d  
m y c o r rh iz a s  was shown to  be  g r e a t l y  in f lu e n c e d  by  th e  g row th  m edium , 
th u s  c a r e  m u st b e  ta k e n  in  e x t r a p o l a t i n g  from  r e s u l t s  o b ta in e d  i n  su ch  
e x p e r im e n ts .  A d d i t io n a l  p ro o f  o f  t h e  m y c o r r h iz a l  n a tu r e  o f  a  f u n g a l  
i s o l a t e  was o b ta in e d  by  co m p arin g  th e  h y p h a l o r n a m e n ta t io n  o f  t h e  i s o l a t e  
w i th  t h a t  o f  t h e  o r i g i n a l  m y c o r r h iz a l  fu n g u s .
F o u r o f  t h e  s h e a th in g  m y c o r rh iz a s  w ere  fo rm ed  by  b a s id io m y c e te  
f u n g i  o f  w hich  two h a v e  been  i d e n t i f i e d  a s  T h e le p h o ra  t e r r e s t r i s  
( E h r h . ) F r .  and  L a c c a r ia  l a c c a t a  (S c o p . ex F r .)C o o k e , two b y  i s o l a t e s  
o f  t h e  " E - s t r a i n "  g roup  o f  f u n g i  and  one by  a d a rk  s t e r i l e  i s o l a t e .
The m a j o r i t y  o f  th e  s h e a th in g  m y c o r rh iz a s  o f  P . s i t c h e n s i s  s e e d l in g s  
and t r a n s p l a n t s  in  th e  n u r s e r y  s tu d i e d  w ere  fo rm ed  b y  " E - s t r a i n "  f u n g i .  
M y c o rrh iz a s  fo rm ed  by  th e  o t h e r  f u n g i  w ere  s p o r a d i c a l l y  d i s t r i b u t e d .  
R e p lacem en t o f  t h e  " E - s t r a i n "  f u n g i  by  o th e r  m y c o r r h iz a l  f u n g i  from  
s h o r t  r o o t s  was f r e q u e n t l y  o b s e rv e d .
U nder i n f e r t i l e  c o n d i t io n s  th e  m y c o r r h iz a l  f u n g i  w ere  shown to  
h a v e  a  d i f f e r e n t i a l  e f f e c t  upon th e  g row th  o f  P . s i t c h e n s i s . The 
" E - s t r a i n "  f u n g i  w ere  l e s s  e f f e c t i v e  th a n  some o f  th e  o t h e r  m y c o r r h iz a l  
f u n g i .  Thus t h e  m a j o r i t y  o f  t r a n s p l a n t s  l e a v in g  th e  n u r s e r y  s t u d i e d  
do so  e q u ip p e d  w ith  s h e a th in g  m y c o r rh iz a s  w h ich  a r e  u n s u i t a b l e  f o r  
i n f e r t i l e  a f f o r e s t a t i o n  s i t e s .
I l l
CONTENTS
Page
Summary i i i
L i s t  o f  T a b le s  v i i
L i s t  o f  P l a t e s  v i i i
L i s t  o f  F ig u r e s  x i i
L i t e r a t u r e  S u rv ey
C h a p te r  1 I n t r o d u c t i o n  1
2 C h a r a c t e r i s a t i o n  o f
s h e a th in g  m y c o r rh iz a s  , 4
3 I d e n t i f i c a t i o n  o f  f u n g a l  sy m b io n ts  10
4 A s e p t ic  s y n th e s i s  o f  s h e a th in g
m y c o r rh iz a s  13
5 E c o lo g y  o f  s h e a th in g  m y c o r rh iz a s
5 .1  M in e ra l  n u t r i t i o n  16
5 .2  R oo t p r o t e c t i o n  20
5 .3  D ro u g h t r e s i s t a n c e  . 20
6 M y c o rrh iz a l  i n o c u l a t i o n  21
7 M y c o rrh iz a s  o f  n u r s e r y  s e e d l in g s  31
8 The s h e a th in g  m y c o r rh iz a s  o f
P ic e a  s i t c h e n s i s  33
M a te r i a l s  and  M ethods
9 C h a r a c t e r i s a t i o n  o f  P . s i t c h e n s i s
s h e a th in g  m y c o r rh iz a s  35
9 .1  C o l l e c t io n  o f  s h e a th in g  m y c o r rh iz a s  35
9 .2  L ig h t  m ic ro sc o p y  35
9 .3  T ra n s m is s io n  e l e c t r o n  m ic ro sc o p y  35
9 .4  S c a n n in g  e l e c t r o n  m ic ro sc o p y  36
9 .5  P h o to m ic ro g ra p h y  37
IV
Page
C h a p te r  10 I d e n t i f i c a t i o n  o f  th e  f u n g a l  sy m b io n t 38
10 .1  I s o l a t i o n  o f  s h e a th in g  m y c o r r h iz a l
f u n g i  38
1 0 .2  A s e p t ic  s y n th e s i s  o f  s h e a th in g  
m y c o r rh iz a s
1 0 .2 .1  P ro d u c t io n  o f  a s e p t i c
P . s i t c h e n s i s  s e e d l in g s  38
1 0 .2 .2  Tube c u l t u r e  s y n th e s i s  39
1 0 .2 .3  F la s k  c u l t u r e  s y n th e s i s  39
11 I n o c u l a t i o n  o f  s o i l  w ith  m y c o r r h iz a l
f u n g i
11 .1  S o i l  a n a l y s i s  41
1 1 .2  S o i l  p r e p a r a t i o n
11^2.1  S o i l  s t e r i l i z a t i o n  41
1 1 .2 .2  S o i l  f e r t i l i z a t i o n  43
1 1 .3  B ulk  in o cu lu m  p r e p a r a t i o n  43
R e s u l t s
12 The sheatKing m y c o r rh iz a s  o f  n u r s e r y
grown P . s i t c h e n s i s
12 .1  M y c o rrh iz a l  c h a r a c t e r i s a t i o n  45
1 2 .2  D i s t r i b u t i o n  o f  th e  s h e a th in g  
m y c o r rh iz a s  90
1 2 .3  I s o l a t i o n  o f  f u n g a l  sy m b io n ts  90
1 2 .4  A s e p t ic  s y n th e s i s
1 2 .4 .1  Tube c u l t u r e  109
1 2 .4 .2  F la s k  c u l t u r e  112
13 M y c o rrh iz a l  i n o c u l a t i o n  o f  p a r t i a l l y  
s t e r i l i z e d  s o i l s
13 .1  G reen h o u se  e x p e r im e n t 1 l8
1 3 .2  F i e l d  e x p e r im e n t 132
1 3 .3  S u c c e ss  o f  s t e r i l i z a t i o n  and
in o c u l a t i o n  138
D is c u s s io n
14 .1  C h a r a c t e r i s a t i o n  139
1 4 .2  D i s t r i b u t i o n  o f  m y c o r rh iz a s  • 144
1 4 .3  A s e p t ic  s y n th e s i s  145
1 4 .4  E f f e c t  o f  i n o c u l a t i o n  on th e  grow th
o f  P . s i t c h e n s i s  s e e d l in g s  146
1 4 .5  M y c o rrh iz a l  i n o c u l a t i o n  .149
V
Page
A cknow ledgem ents 155
B ib l io g r a p h y  156
A p pend ix  1 175
A ppend ix  2 176
A p pend ix  3 179
A p pend ix  4 187
V I
■ LIST OF TABLES
T a b le  P ag e
1 S h e a th in g  m y c o r rh iz a  c h a r a c t e r i s a t i o n  9
2 M y c o rrh iz a l  r e s p o n s e  17
3a & 3b The r e l a t i v e  e f f e c t  o f  m y c o r r h iz a l  f u n g i
upon  s e e d l in g  g row th  26 & 27
4 S p u r r ’ s  r e s i n  36
5 S o i l  A n a ly s is  42
6 S o i l  F e r t i l i z a t i o n  43
7 Tube c u l t u r e  s y n th e s i s  ( g lu c o s e  10 g / l )  110
8 Tube c u l t u r e  s y n th e s i s  ( g lu c o s e  0 g / l )  111
9 F la s k  c u l t u r e  s y n th e s i s  113
10 P e r c e n ta g e  m y c o r r h iz a l  fo rm a tio n  119
11 Oven d ry  w e ig h t ,  r o o t / s h o o t  r a t i o
and  s h o o t  l e n g th  (g re e n h o u s e  e x p e r im e n t)  121 .
12 N it ro g e n  c o n te n t  and  c o n c e n t r a t io n  123
13 P h o sp h o ru s  c o n te n t  and c o n c e n t r a t i o n  125
14 P o ta s s iu m  c o n te n t  and  c o n c e n t r a t io n  127
15 P e r c e n ta g e  m y c o r r h iz a l  fo rm a t io n  133
16 Oven d ry  w e ig h t ,  r o o t / s h o o t  r a t i o
and  s h o o t  l e n g th  ( f i e l d  e x p e r im e n t)  134
17 N i t ro g e n  c o n te n t  an d  c o n c e n t r a t io n  134
18 P h o sp h o ru s  c o n te n t  and  c o n c e n t r a t io n  136
19 P o ta ss iu m  c o n te n t  and  c o n c e n t r a t io n  136
V I 1
LIST OF PLATES
P l a t e P ag e
1 T .S . o f  Type 1 m y c o r rh iz a 46
2 T.E.M , o f  Type 1 s h e a th 46
3 T.E.M . o f  Type 1 H a r t ig  n e t 47
4 Type 1 m y c o r rh iz a  s h e a th  s u r f a c e 47
5 Apex o f  Type 1 m y c o r rh iz a 49
6 F i l i f o r m  h y p h ae 49
7 Clamp c o n n e x io n 50
8 Clamp c o n n e x io n 50
9 F i l i f o r m  hypha 51
10 M y c e l ia l  c o rd 51
11 M y c e l ia l  c o rd 52
12 F i l i f o r m  hypha  o f  m y c e l ia l  c o rd 52
13 T .S . o f  Type 2 m y c o r rh iz a 54
14 T.E.M . o f  Type 2 s h e a th 54 •
15 T.E.M . o f  Type 2 m y c o r rh iz a 55
16 . T .E .M . o f  Type 2 H a r t ig  n e t 55
17 Type 2 m y c o r rh iz a  s h e a th  s u r f a c e 56
18 S h e a th  s u r f a c e  h y p h ae 56
19 A s s o c ia te d  hyphae 58
20 Clamp c o n n e x io n s 58
21 Clamp c o n n e x io n s 59
22 T .S . o f  Type 3 m y c o r rh iz a 61
23 T.E.M . o f  Type 3 s h e a th 61
24 T.E.M . o f  Type 3 H a r t ig  n e t 62
25 Type 3 s h e a th  s u r f a c e 62
26 V e r ru c o s e  hypha 64
V l l l
P l a t e P ag e
27 V e r ru c o s e  hypha 64
28 T .S , o f  Type 4  m y c o r rh iz a 66
29 T.E .M . o f  Type 4 s h e a th 66
30 T.E.M . o f  Type 4  H a r t ig  n e t 67
31 D o lip o re  septum 67
32 Smooth hypha 69
33 S p in u lo s e  hypha 69
. 34 S p in u lo s e  h y phae 70
35 S p in u lo s e  hypha 70
36 M y c e l ia l  c o rd 71
37 M y c e l ia l  c o rd 71
38 T .S . o f  Type 5 m y c o r rh iz a 73
39 T.E.M . o f  Type 5 f u n g a l  s h e a th 73
40 T.E.M , o f  .Type 5 H a r t i g  n e t 74
41 R u g u lo se  hypha 74
42 R u g u lo se  hy p h ae 76
43 L a t e r a l  hypha 76
44 L a t e r a l  h y p h ae 77
45 T .S . o f  Type 6 m y c o r rh iz a 79
46 T.E.M . o f  Type 6 s h e a th 79
47 T.E.M . o f  Type 6 H a r t i g  n e t 80
48 Type 6 s h e a th  s u r f a c e 80
49 V e r ru c o s e  hypha 82
50 V e r ru c o s e  hypha 82
51 Type 6 c h la m y d o sp o re s 83
52 T .S . o f  Type 7 m y c o r rh iz a . 85
53 T.E.M . o f  Type 7 s h e a th 85
IX
P l a t e P age
54 T.E.M , o f  Type 7 H a r t ig  n e t 86
55 Type 7 s h e a th  s u r f a c e 86
56 V e r ru c o s e  hypha 88
57 V e r ru c o s e  hypha 88
58 Type 7 ch lam ydospore- 89
59 T h a l lu s  o f  T. t e r r e s t r i s 92
60 Clamp c o n n e x io n 92
61 A e r i a l  hypha 93
62 T h a l lu s  o f  L, l a c c a t a 95
63 Clamp c o n n e x io n 95
64 A e r i a l  h yphae 96
■ 65 T h a l lu s  o f  i s o l a t e 98
66 V e r ru c o s e  hyphae 98
67 T h a l lu s  i s o l a t e  B^ 100
68 S p in u lo s e  h y p h ae 100
69 T h a l lu s  o f  i s o l a t e  S .4
102
70 R u g u lo se  h y p h ae 102
71 T h a l lu s  o f  i s o l a t e  A^ 104
72 V e rru c o s e  h y p h ae 104
73 I s o l a t e  A^ c h la m y d o sp o re 105
74 T h a l lu s  o f  i s o l a t e  A^ 107
75 V e r ru c o s e  hypha 107
76 I s o l a t e  A^ c h la m y d o sp o re 108
77 S y n th e s is e d  P . s i t c h e n s i s / T .  t e r r e s t r i s  
m y c o r rh iz a 114
78 S y n th e s is e d  P . s i t c h e n s i s / h .  l a c c a t a  
m y c o r rh iz a 114
79 S y n th e s is e d  P . s i t c h e n s i s / i s o l a t e  B^ 
m y c o r rh iz a
X
115
P l a t e  P age
80 S y n th e s is e d  P . s i t c h e n s i s / i s o l a t e  B
m y c o r rh iz a  115
81 S y n th e s is e d  P . s i t c h e n s i s / i s o l a t e  S
m y c o r rh iz a  116
82 S y n th e s is e d  P . s i t c h e n s i s / i s o l a t e
m y c o r rh iz a  116
83 S y n th e s is e d  P . s i t c h e n s i s / i s o l a t e  A_
m y c o r rh iz a  117
84 P . s i t c h e n s i s  s e e d l in g s  grown i n  p a r t i a l l y
s t e r i l i z e d  n u r s e r y  s o i l  in o c u la te d  w ith  
m y c o r r h iz a l  f u n g i  129
85 P . s i t c h e n s i s  s e e d l in g s  grown i n  p a r t i a l l y
s t e r i l i z e d  f o r e s t  s o i l  i n o c u la te d  w ith  
m y c o r r h iz a l  f u n g i  129
86 S p o ro c a rp  o f  L. l a c c a t a  130
87 S p o ro c a rp  o f  T ., t e r r e s t r i s  130
X I
LIST OF FIGURES
F ig u r e P ag e
1 T .S . o f  Type 1 m y c o r rh iz a 48
2 Type 1 s h e a th  s u r f a c e 48
3 T .S . o f  Type 2 m y c o r rh iz a 57
4 Type 2 s h e a th  s u r f a c e 57
5 T .S . o f  Type 3 m y c o r rh iz a 63
6 Type 3 s h e a th  s u r f a c e 63
7 T .S . o f  Type 4 m y c o r rh iz a 68
8 Type 4  s h e a th  s u r f a c e 68
9 T .S . o f  Type 5 m y c o r rh iz a 75-
10 Type 5 s h e a th  s u r f a c e 75
11 T .S . o f  Type 6 m y c o r rh iz a 81
12 Type 6 s h e a th  s u r f a c e 81
13 T .S . o f  Type 7 m y c o r rh iz a 87
14 Type 7 s h e a th  s u r f a c e 87
15 G reen h o u se  e x p e r im e n t b lo c k  d e s ig n 120
16 Oven d r y  w e ig h t  an d  s h o o t  l e n g th  
(g re e n h o u s e  e x p e r im e n t) 122
17 N it ro g e n  c o n te n t  and  c o n c e n t r a t io n 124
18 P h o sp h o ru s  c o n te n t  and  c o n c e n t r a t io n 126
19 P o ta s s iu m  c o n te n t  and  c o n c e n t r a t io n 128
20 F i e l d  e x p e r im e n t L a t in  s q u a r e  d e s ig n 133
21 Oven d r y  w e ig h t  and  s h o o t  l e n g th  
( f i e l d  e x p e r im e n t) 135
22 N it ro g e n  c o n te n t  and  c o n c e n t r a t i o n 135
23 P h o sp h o ru s  c o n te n t  and  c o n c e n t r a t io n 137
24 P o ta s s iu m  c o n te n t  and  c o n c e n t r a t io n  
x i i
137
LITERATURE SURVEY
C h a p te r  1 I n t r o d u c t i o n
The te rm  m y c o r rh iz a  was f i r s t  u se d  by  F ra n k  ( l8 8 5 b ) to  d e s c r i b e  th e  
m o r p h o lo g ic a l ly  d i s t i n c t  o rg a n  fo rm ed  b y  t h e  r e g u l a r  a s s o c i a t i o n  o f  r o o t  
t i s s u e s  o f  c e r t a i n  t r e e s  and  f u n g a l  m ycelium . D i r e c t l y  t r a n s l a t e d  t h i s  
te rm  m eans " fu n g u s  r o o t " .  I n  1887 F ra n k  c l a s s i f i e d  m y c o r rh iz a s  i n t o  
e c to -  and  e n d o tr o p h ic  t y p e s .  The f e a t u r e s  u s e d  to  d i s t i n g u i s h  t h e  
e c to t r o p h i c  ty p e  w e r e : -  1 . The p r e s e n c e  o f  m y c o r rh iz a s  upon t h e  
a c t i v e l y  a b s o rb in g  r e g io n s  o f  th e  r o o t  sy s tem  th ro u g h o u t  t h e  l i f e  o f  
i n d iv i d u a l  t r e e s ;  2 . The c o r a l l o i d  g row th  e x h ib i t e d  by i n f e c t e d  r o o t s  
o r  r o o t  sy s te m s  ; 3 . The a b s e n c e  o f  r o o t  h a i r s  and  th e  r e d u c t io n  o f  th e
r o o t  cap  to  a  few  c e l l s ;  4 . The p r e s e n c e  o f  a  s h e a th  o f  f u n g a l  h y p h ae  
c o v e r in g  th e  w h o le  o f  th e  y o u n g e r p a r t s  o f  th e  r o o t s  in c lu d in g  th e  r o o t  
a p ic e s ;  5 . The e x i s t e n c e  o f  a  c o n tin u o u s  n e tw o rk  o f  hy p h ae  s e p a r a t i n g  
th e  i n d i v i d u a l  c e l l s  o f  th e  e p id e rm a l and  c o r t i c a l  l a y e r s ,  t h e  h y p h a e  
o f  t h i s  n e tw o rk  b e in g  c o n tin u o u s  w ith  th o s e  o f  th e  s h e a th  an d  n o t  
i n f r e q u e n t l y  p e n e t r a t i n g  th e  e p id e rm a l c e l l s ;  6 . The a b s e n c e  o f  
i n t r a c e l l u l a r  h y p h ae  from  th e  c o r t i c a l  c e l l s .  B etw een th e  two m ain  
g ro u p s  o f  m y c o r rh iz a s  t h e r e  a r e  a n a to m ic a l  t r a n s i t i o n s  t h a t  e x h i b i t  
b o th  i n t r a -  an d  i n t e r c e l l u l a r  h y p h a l i n f e c t i o n ,  t h e s e  M e lin  ( l9 2 3 )  
te rm ed  e c te n d o tr o p h ic  m y c o r r h iz a s .
W ilde  & L afo n d  ( l9 6 7 )  c o n s id e r e d  t h a t  th e  s u f f i x  - t r o p h i c  
in t r o d u c e d  i n a p p r o p r i a t e  p h y s io l o g i c a l  d e n o ta t io n s  to  c l a s s e s  w h ich  
w ere  u s e d  to  d e s ig n a t e  m o rp h o lo g ic a l  ty p e s  o f  m y c o r r h iz a s .  P e y r o n e l ,  
F a s s i ,  F o n ta n a  Sc T ra p p e  ( l9 6 9 )  p ro p o se d  th e  te rm s  " e c to m y c o r rh iz a "
-  a  m y c o r rh iz a  w h ere  o n ly  i n t e r c e l l u l a r  h y p h ae  o c c u r ,  " e n d o m y c o rrh iz a "
-  w here  o n ly  i n t r a c e l l u l a r  h y phae  o c c u r ,  and  " ec t  e n d o m y co rrh i z a "
-  w here  b o th  i n t r a -  and  i n t e r c e l l u l a r  hy p h ae  o c c u r .
C l a s s i f i c a t i o n  b a s e d  o n ly  upon m o rpho logy  can  le a d  to  a n o m a l ie s ,  
M ik o la  ( l9 6 5 )  f i r s t  d e s c r ib e d  and  i s o l a t e d  a m y c o r r h iz a l  fu n g u s  t h a t  
fo rm ed  e c to m y c o r rh iz a s  w i th  s p ru c e  b u t  e c te n d o m y c o r rh iz a s  w i th  p i n e .
The sam e fu n g u s  was r e c o r d e d  by  L e v iso h n  (1965) a s  fo rm in g  " p s e u d o -  
m y c o r r ih z a s "  w i th  s p r u c e .  S in c e  F r a n k ’ s o r i g i n a l  d e f i n i t i o n  o f  e c to ­
m y c o r rh iz a s  i n t r a c e l l u l a r  h y p h a e  h a v e  r e g u l a r l y  b een  r e c o r d e d  to  o c c u r  
in  t h e  r o o t  e p id e rm a l  c e l l s .  Many s p e c ie s  o f  f u n g i  t h a t  form  e c to ­
m y c o r rh iz a s  w i th  f o r e s t  t r e e s  may a l s o  form  e c te n d o m y c o rrh iz a s  w ith  
A rb u tu s  m e n z ie s i i  and  A r c to s ta p h y lo s  u v a - u r s i  (Z a k ,1 9 7 4 , 197 6 a , 1 9 7 6 b ).
Lew is ( 1973 ) s u g g e s te d  t h a t  t h e  c o n c e p ts  o f  d e  B ary  on p a r a s i t i s m  
and s y m b io s is  s h o u ld  b e  u s e d  to  c l a s s i f y  m y c o r r h iz a s .  I n  h i s  schem e 
m y c o r rh iz a s  w ould  be  d iv id e d  i n t o  f o u r  g r o u p s e r i c a c e o u s ,  o r c h id a c e o u s ,  
s h e a th in g  an d  v e s i c u l a r - a r b u s c u l a r .  The s h e a th in g  an d  v e s i c u l a r - a r b u s c u l a r  
m y c o r rh iz a s  a r e  fo rm ed  b y  b i o t r o p h ic  f u n g i  w h ereas  : i n  o rc h id a c e o u s  and  
n o n -g re e n  e r i c o i d  m y c o r r h iz a l  a s s o c i a t i o n s  t h e  h i g h e r  p l a n t  i s  a  n e c r o t -  
r o p h ic  p a r a s i t e  and  th e  fu n g u s  i s  a  h o s t .  I n  te rm s  o f  e c o lo g i c a l  b e h a v io u r  
o f  t h e i r  s y m b io s is  and  th e  n u t r i t i o n  o f  t h e  i n f e c t i n g  f u n g i  s h e a th in g  and  
v e s i c u l a r - a r b u s c u l a r  f u n g i  h a v e  much in  common (H a r le y  1969 , 1 9 7 2 ) .
L ew is ( 1973 ) d iv id e d  s h e a th in g  m y c o r rh iz a s  i n t o  two g ro u p s  b a s e d  upon  
e c o lo g ic a l  an d  n u t r i t i o n a l  b e h a v io u r : -  1 . E c o l o g ic a l l y  f a c u l t a t i v e  
sy m b io n ts  w hose n u t r i t i o n  i s  b i o t r o p h ic  i n  t h e  s y m b io t ic  m ode, b u t  o th e r w is e  
s a p r o t r o p h ic  ( f a c u l t a t i v e  b i o t r o p h s ) ; 2 . E c o l o g ic a l l y  o b l ig a te !  s y m b io t ic
b i o t r o p h s  ( o b l i g a t e  b i o t r o p h s ) .
M eyer ( l9 7 4 )  c o n s id e r e d  t h a t  . t h e  m y c o r rh iz a s  o f  f o r e s t  t r e e s  s h o u ld  
be  d iv id e d  a s  f o l l o w s : -  1 . O b l ig a to r y  e c to m y c o r rh iz a l  f u n g i ,  t h e s e  fo rm  
f r u i t  b o d ie s  o n ly  i n  s y m b io s is  and  d i s p l a y  d i s t i n c t  d i f f e r e n c e s  from  
s a p r o p h y t ic  f u n g i  i n  r e s p e c t  to  e n z y m a tic  c a p a b i l i t i e s .  T h ese  c a n  b e  
s u b d iv id e d  i n t o  a )  M y c o rrh iz a l  f u n g i  w hich  u n d e rg o  a  s y m b io s is  w i th  
s e v e r a l  g e n e ra  o f  t r e e s  e .g .  A m an ita  m u s c a r ia  and  R u s s u la  x e r a m p e l in a ; 
b) S p e c ie s  w h ich  a r e  s y m b io t ic  w i th  o n ly  a  few  g e n e ra  o f  t r e e s  o r  j u s t  
one genus e .g .  S u i l l u s  t r i d e n t i n u s  o r  L a c ta r iu s  p o r n i n s i s  o n ly  w i th  L a r i x .
2 . F a c u l t a t i v e  e c to m y c o r r h iz a l  f u n g i ,  t h e s e  e x h i b i t  q u a n t i t a v e  d i f f e r e n c e s  
from  s a p r o p h y t ic  f u n g i  i n  r e s p e c t  t o  e n z y m a tic  c a p a b i l i t i e s  an d  form  
s p o ro c a rp s  a s  w e l l  u n d e r  s y m b io t ic  a s  u n d e r  s a p r o p h y t ic  c o n d i t i o n s .
T hese  c a n  b e  s u b d iv id e d  i n t o  (a )  p r e d o m in a n t ly  s a p r o p h y t i c a l l y  l i v i n g ,  
b u t  a l s o  fo rm in g  m y c o r rh iz a s  e .g .  P h a l lu s  im p u d icu s  and  C o l ly b ia  p e r o n a t a ;
2 .
(b ) M y c o rrh iz a l  f im g i  w ith  a  b ro a d  h o s t  r a n g e ,  b u t  w h ich  a l s o  form  
s p o ro c a rp s  i n  a  s a p r o p h y t ic  mode o f  n u t r i t i o n  e .g .  Xerocomus 
sub tom e n to s u s  and  S c le ro d e rm a  a u ra n t iu m .
A c l a s s i f i c a t i o n  b a s e d  upon  m o rp h o lo g y  a lo n e  w i l l  i n c lu d e ,  u n d e r  
th e  sam e ty p e  h e a d in g ,  m y c o rrh iz a sw h ic h  may h a v e  d i v e r s e  n u t r i t i o n a l  
i n t e r - r e l a t i o n s .
C h a p te r  2 C h a r a c t e r i s a t i o n  o f  s h e a th in g  m y c o r rh iz a s
I n  t h e  s tu d y  o f  s h e a th in g  m y c o r rh iz a s  one  o f  th e  fu n d a m e n ta l  p ro b lem s 
i s  t h e  i d e n t i f i c a t i o n  o f  t h e  c o m p o s ite  o rg a n  fo rm ed  in  t h e  a s s o c i a t i o n .  
I d e a l l y  t h e  i d e n t i t y  o f  b o th  t r e e  and  fu n g u s  m u st be  d e te rm in e d  and  when 
t h i s  i s  im p r a c t i c a b l e  d e f i n i t i o n  m ust b e  b a se d  upon r e c o g n i t i o n  o f  s t a b l e  
f e a t u r e s .  F ra n k  ( l8 8 7 )  r e c o g n is e d  t h a t  t h e  v a r i a t i o n  i n  t h e  s t r u c t u r e  o f  
th e  s h e a th  i n  r e g a r d  to  t h i c k n e s s ,  c o lo u r a t i o n  o f  th e  h y p h ae  and  n a t u r e  
o f  t h e  s h e a th  s u r f a c e  was l a r g e l y  s p e c i f i c  t o  i n d iv i d u a l  ty p e s  o f  
m y c o r rh iz a  an d  d id  n o t  dep en d  upon a g e  o r  d e g re e  o f  d e v e lo p m e n t.
P e y r o n e l ’ s  ( l 9 2 l ,  1922) o b s e r v a t io n s  o f  th e  m y c o r r h iz a l  a s s o c i a t i o n s  o f  
f o r e s t  t r e e s  l e d  him  to. b e l i e v e  t h a t  w h i le  t h e  g e n e r a l  fo rm  an d  d im e n s io n s  
o f  th e  v a r io u s  m y c o r rh iz a s  a r e  d e te rm in e d  b y  th e  h o s t  t r e e ,  t h e  s t r u c t u r e ,  
t h i c k n e s s ,  c o lo u r  and  o th e r  f e a t u r e s  o f  th e  f u n g a l  s h e a th  depend  upon 
th e  i n d i v i d u a l  fu n g u s  p r e s e n t .  P e y ro n e l  p r e d i c t e d  t h a t  i t  w ould  e v e n tu a l l y  
b e  p o s s i b l e  to  make an  a n a l y t i c a l  k e y  w hich  w ould  p e rm i t  t h e  i d e n t i f i c a t i o n  
o f  t h e  fu n g u s  p r e s e n t  i n  an y  m y c o r rh iz a  b y  o b s e rv in g  th e  c h a r a c t e r i s t i c s  
o f  t h e  f u n g a l  s h e a th .  M e lin  ( l9 2 3 )  f i r s t  s e p a r a te d  s h e a th in g  m y c o r rh iz a s  
i n t o  g ro u p s . He c l a s s i f i e d  p in e  m y c o r rh iz a s  i n t o  t h r e e  g ro u p s  b a s e d  upon  
g r o s s  m o rp h o lo g ic a l  c h a r a c t e r i s t i c s .  B jorkm an ( l 9 4 l )  e x te n d e d  t h i s  schem e 
and  c l a s s i f i e d  t r e e  m y c o r rh iz a s  i n t o  f o u r  d i f f e r e n t  ty p e s  w ith  two 
s u b ty p e s .  I n  1959 D om inik s u g g e s te d  a  schem e w h e re in  m y c o r rh iz a s  w ere  
c l a s s i f i e d  i n t o  tw e lv e  s u b ty p e s  b a s e d  upon  t h e  g r o s s  m o rp h o lo g y  o f  th e  
m y c o r rh iz a  a n d  th e  m ic r o s c o p ic  c h a r a c t e r i s t i c s ’ o f  th e  s h e a th  s u r f a c e  and  
s h e a th  s t r u c t u r e .  T h ese  s u b ty p e s  w ere  d iv id e d  i n t o  g e n e ra  b a se d  l a r g e l y  
upon  t h e  c o lo u r  o f  t h e  f u n g a l  s h e a th  and  o th e r  s h e a th  c h a r a c t e r i s t i c s .  
D om inik ( l9 6 9 )  e x te n d e d  t h i s  sc h o n e  to  c o n ta i n  d e t a i l s  o f  th e  d i f f e r e n t  
ty p e s  o f  s e t a e  an d  c y s t i d i a  c o v e r in g  th e  s h e a th  s u r f a c e .  O r i g i n a l l y  t h i s  
schem e was in te n d e d  to  b e  u s e d  to  g roup  to g e t h e r  s h e a th in g  m y c o r rh iz a s  
fo rm ed  b y  t h e  sam e fu n g u s  w ith  d i f f e r e n t  h o s t  s p e c i e s .  How ever a  num ber 
o f  c r i t i c i s m s  c a n  b e  l e v e l l e d  a t  t h i s  schem e. F i r s t l y ,  a n y  o n e  o f  
D om iniks " g e n e r a "  may i n c lu d e  s h e a th in g  m y c o r rh iz a s  fo rm ed  by  v a r io u s  
t a x o n o m ic a l ly  u n r e l a t e d  f u n g i .  S e c o n d ly , a  s i n g l e  s h e a th in g  m y c o r rh iz a  
may c o r r e s p o n d  to  a n y  one o f  s e v e r a l  ty p e s  d e p e n d in g  upon i t s  s t a g e  o f  
d e v e lo p m e n t.
R a th e r  th a n  a t t o n p t  to  d e v is e  schem es to  c l a s s i f y  a l l  s h e a th in g  
m y c o r rh iz a s  i t  i s  m ore l o g i c a l  to  c h a r a c t e r i s e  m y c o r rh iz a s  a s  th e y  a r e  
d i s c o v e r e d ,  even  th o u g h  th e  i d e n t i t y  o f  th e  f u n g a l  s p e c i e s  i s  unknown 
i f  t h e  c o m p o s ite  o rg an  i s  d e f in e d  u s in g  r e c o g n i s a b l e  s t a b l e  f e a t u r e s  
t h i s  d e f i n i t i o n  c a n  b e  u s e d  by  o th e r  w o rk e rs . By c o n c e n t r a t in g  upon  
a  s m a ll  num ber o f  t r e e  s p e c i e s  i t  w ould  b e  p o s s i b l e  t o  a c c u m u la te  m any 
m y c o r r h iz a l  d e s c r i p t i o n s  w h ich  w ould  be  c o n s id e r a b ly  m ore u s e f u l  th a n  to  
c l a s s i f y  a  m y c o r rh iz a  a s  f o r  exam p le , ty p e  Aa o r  Bb b y  D om in iks s y s te m .
T rap p e  ( l9 6 7 à )  s u g g e s te d  a  n a t u r a l  sy s tem  o f  c l a s s i f i c a t i o n  b a s e d  upon 
th e  i n h e r e n t l y  c o n s ta n t  f e a t u r e s  o f  th e  fu n g u s  and t h e  t r e e  r o o t s  r e a c t i o n  
to  i n f e c t i o n ,  t h e s e  w ould  i n c lu d e  th e  f o l lo w in g  f e a t u r e s
1 . Clamp c o n n e c t io n s  and  s e p t a l  anatom y
Clamp c o n n e c t io n s  h a v e  a  d i a g n o s t i c  v a lu e  in  t h e i r  c o n s i s t a n t  
fo rm , s i z e  and  f re q u e n c y  on d i k a r y o t i c  h y p h ae  o f  a  g iv e n  B a s id io m y c e te . 
On some s p e c i e s  th e y  may form  an  open a rc h  e .g .  In o c y b e  s p .  ( Schramm, 
1 9 6 6 ) .
S e p ta l  p o r e  m o rp h o lo g y  m akes i t  p o s s i b l e  to  c l a s s i f y  f u n g i  i n t o  
tax o n o m ic  c l a s s e s .  U s in g  t r a n s m is s io n  e l e c t r o n  m ic ro s c o p y  s e p t a t e  
h y p h ae  c a n  b e  c l a s s i f i e d  i n t o  A scom ycete  i f  a  s im p le  sep tum  i s  
p r e s e n t  o r  B a s id io m y c e te  i f  a  d o l ip o r e  sep tum  i s  p r e s e n t  (M oore & 
M c A le a r ,1 9 6 2 ) . F o s t e r  & M arks ( l9 6 6 ,  1967) and  H o fs te n  ( l9 6 9 )  h a v e  
fo u n d  d o l ip o r e  s e p ta  to  b e  p r e s e n t  i n  th e  s h e a th in g  m y c o r rh iz a s  o f  
P in u s  r a d i a t a  and  P in u s  s y l v e s t r i s  r e s p e c t i v e l y .  S t r u l l u  & G e r a u l t  
( 1977 ) h a v e  shown th e  p r e s e n c e  o f  s im p le  s e p ta  and  W oronin b o d ie s  
i n  s h e a th in g  m y c o r rh iz a s  o f  B e tu la  p u b e s c e n s .
2 . H yphal m o rp h o lo g y
H yphal d ia m e te r s ,  c e l l  l e n g t h s ,  w a l l  t h i c k n e s s ,  s u r f a c e  d e p o s i t s ,  
p ig m e n ta t io n  and  m y c e l ia l  c o rd  fo rm a tio n  e x e m p lify  f e a t u r e s  t h a t  a r e  
r e l a t i v e l y  s t a b l e .
3 . F lu o re s c e n c e
R e s e a rc h  b y  Zak ( l9 6 9 ,  1971a) and  Zak & L a rse n  ( l9 7 8 )  i n d i c a t e s  
t h a t  m any m y c o r r h iz a l  f u n g i  f l u o r e s c e  i n  d i s t i n c t i v e  c o lo u r s  u n d e r  
lo n g  wave u l t r a v i o l e t  l i g h t ,
4 . C hem ica l r e a g e n t s
C o lo u r r e a c t i o n  to  r e a g e n t s  a p p l i e d  to  m y c o r rh iz a s  e .g .  
c h l o r o v a n i l l i n ,  f e r r o u s  s u lp h a t e ,  M e lz e r  r e a g e n t  e t c .  ( s i n g e r ,  1 9 6 2 ). 
Many o f  t h e s e  c h e m ic a l  r e a g e n t s  p ro d u c e  d i s t i n c t i v e  c o lo u r  r e a c t i o n s  
when a p p l i e d  to  m y c o r r h iz a l  s h e a th s  o r  to  c u l t u r e s  o f  m y c o r r h iz a l  
f u n g i  (Z ak , 1969 , 1971a; Zak & L a r s e n , 1 9 7 8 ) .
5 . Odour o r  T a s te
O c c a s io n a l ly  odou r o r  t a s t e  a r e  s u f f i c i e n t l y  p ro n o u n ce d  to  b e  
u s e f u l  (Z ak , 1 9 6 7 ) .
6 . S h e a th  s t r u c t u r e
S h e a th  t i s s u e s  v a r y  g r e a t l y  be tw een  f u n g a l  s y m b io n ts , from  s im p le
"tissue
p ro se n c h y m a to u s  o r  p seu d o p aren ch y m ato u s^  to  l a y e r e d  t i s s u e  o f  v a r io u s  
fo rm s o r  in te rw o v e n  m y c e l ia l  c o r d s .  The s h e a th  s u r f a c e  may v a r y  from  
sm ooth  to  b e in g  d e c o r a te d  w ith  d i s t i n c t i v e l y  sh a p ed  c y s t i d i a  o r  s e t a e .  
T rap p e  ( l9 6 7 a )  c o n s id e r s  t h a t  t h e s e  t i s s u e s  a r e  o n ly  f u l l y  d e v e lo p e d  
_ a s  t h e  m y c o r rh iz a  m a tu r e s ,  th e r e b y  r e s t r i c t i n g  t h e i r  v a lu e  i n  
i d e n t i f i c a t i o n .  C h i lv e r s  ( l9 6 8 )  c l a s s i f i e d  s h e a th  s t r u c t u r e  a s  e i t h e r  
f e l t  p ro sen ch y m a, n e t  p ro sen ch y m a, i r r e g u l a r  synenchym a o r  r e g u l a r  
synenchym a.
7 . C o lo u r
The c o lo u r  o f  h y p h ae  and  th e  s h e a th  i s  f r e q u e n t l y  s t a b l e  
e .g .  Cenococcum g eo p h ilu m  -  t h e  hy p h ae  a r e  j e t  b la c k .f ro m  t h e  o u t s e t  
o f  m y c o r rh iz a  f o r m a t io n .  However f u n g a l  p ig m e n ta t io n  o f t e n  c h a n g e s
b e tw een  d e v e lo p m e n ta l  s t a g e s  o f  many m y c o r rh iz a s  th u s  i t s  u s e  in  
a  c l a s s i f i c a t i o n  s h o u ld  b e  r e s t r i c t e d  to  s p e c ie s  i n  w h ich  i t  i s  
s t a b l e  and  th e n  o n ly  u s e d  i f  o th e r  t r a i t s  a r e  in a d e q u a te  f o r  
s p e c i e s  d e te r m in a t io n .
8 . M y c o r rh iz a l  form
P a t t e r n s  and  am ounts o f  b r a n c h in g  a r e  d i s t i n c t i v e  f o r  some 
m y c o r rh iz a s  e .g .  t h e  t u b e r c u l a t e  m y c o r rh iz a  fo rm ed  b e tw een  
P s e u d o ts u g a  m e n z ie s i i  and  R h izopogon  v i n i c o l o r  (Z ak , 1971a). T h ese  
t r a i t s  a r e  h i g h ly  d e p e n d e n t upon  d e v e lo p m e n ta l  s t a g e s  o f  a  
m y c o r rh iz a  and  t h e r e f o r e  s h o u ld  o n ly  b e  u s e d  a f t e r  m ore s t a b l e  
f e a t u r e s  h a v e  been  e x h a u s te d .
An e l a b o r a t i o n  o f  th e  above  schem e was p ro p o se d  b y  Zak ( l9 7 1 b ,1973) 
i n  o r d e r  f u l l y  to  d e s c r i b e  i n d i v i d u a l  m y c o r r h iz a s .  The b a s i s  o f  Z a k 's  
c l a s s i f i c a t i o n  sy s tem  a r e  e a s i l y  r e c o g n i s a b l e  m a c ro s c o p ic  f e a t u r e s  o f  
t h e  sheaClvLng m y c o r r h iz a .  As w e l l  a s  t h e  precec^lÀ ^ c h a r a c t e r s  t h e  
f o l lo w in g  w ere  p r o p o s e d : -
I
1 . C h a r a c te r  o f  i n d i v i d u a l  e le m e n ts
S t r a i g h t ,  t o r t u o u s ,  c l a v a t e  e t c .
2 . S h e a th  t e x t u r e
T h is  c a n  b e  sm oo th , f e l t y ,  v e l v e t y ,  c o t to n y ,  w a r ty ,  p i t t e d  o r  
g r a n u l a r .  The g r e a t e s t  p ro b lem s w ith  r e c o r d in g  th e  d e t a i l s  o f  s h e a th  
t e x t u r e  a r e  t h e  l i m i t s  o f  c o n t r a s t ,  r e s o l u t i o n  and  d e p th  o f  f i e l d  
i n h e r e n t  i n  t h e  l i g h t  m ic ro s c o p e . S e v io u r ,  H am ilto n  & C h i lv e r s  ( l9 7 8 )  
u s e d  s c a n n in g  e l e c t r o n  m ic ro sc o p y  in  an a t t o n p t  to  r e v e a l  s u r f a c e  
f e a t u r e s  o f  e u c a ly p t  m y c o r r h iz a s .  The f e a t u r e s  o b s e rv e d  s u b s t a n t i a t e  
t h e  e a r l i e r  o b s e r v a t io n s  o f  C h i lv e r s  ( l9 6 8 ) .
3 . A t ta c h e d  m y c e l ia l  c o rd s  and  rh iz o m o rp h s
The form  o f  t h e  m y c e l ia l  c o rd ' may b e  f l a t ,  f e a t h e r y ,  w e f ty .
sm oo th , f i b r o u s ,  c o t to n y  o r  g r a n u l a r .  C h i lv e r s  ( l9 6 8 )  c h a r a c t e r i s e d  
t h e  s t r u c t u r e  o f  m y c e l ia l  c o rd s  a t t a c h e d  to  e u c a ly p t  m y c o r r h iz a s .  
L a rse n  Sc Zak ( l9 7 8 )  u s e d  rh iz o m o rp h  m orp h o lo g y  a s  an  a id  t o  s e p a r a t e  
f i v e  d i s t i n c t  v a r i e t i e s  o f  B y s s o p o r ia  t e r r e s t r i s .
4 . H a b i t a t
Thus a l th o u g h  t h e  m y c o r r h iz a l  f u n g a l  s p e c ie s  may n o t  be  i d e n t i f i e d  
i t  i s  p o s s i b l e ,  by  u s in g  some o f  th e  ab o v e  c h a r a c t e r i s t i c s ,  t o  d e f i n e  
th e  c o m p o s ite  f u n g u s / t r e e  o rg a n . The em p h asis  i n  r e c e n t  work h a s  b een  
upon a t t e m p t in g  to  c h a r a c t e r i s e  an d  c l a s s i f y  th e  s h e a th in g  m y c o r rh iz a s  
o f  s i n g l e  t r e e  s p e c i e s  (T a b le  1) t h i s  i n  i t s e l f  may p ro v e  to  b e  a lo n g  
and  l a b o r io u s  p r o c e s s  s in c e  T rap p e  ( l9 7 7 )  h a s  e s t im a te d  t h a t  some 2 ,0 0 0  
s p e c i e s  o f  f u n g i  a r e  p o t e n t i a l  m y c o r r h iz a l  a s s o c i a t e s  o f  P . m e n z ie s i i  
a lo n e .
T a b le  1 S h e a th in g  m y c o rrh iz a  c h a r a c t e r i s a t i o n
AUTHOR TREE SPECIES
JUMBER OF
MYCORRHIZAS
DESCRIBED
FUNGAL SPECIES 
IDENTIFIED
W oodroof 1933 C ary a  s p . 7 B o le tu s  communis 
R u s s u la  f o e t a n s  
R u s s u la  a e ru g in e a
H a tc h 1934 P in u s
s t r o b u s
1 Cenococcum g eoph ilum
F o n ta n a 1961 P o p u lu s  sp . 11 R h o d o p a x il lu s  nu d u s 
H ebelom a lo n g icau d u m  
C, g eoph ilum
F o n ta n a 1962 S a l i x . s p p . 16 . C. geoph ilum
F a s s i  & de 
V e c c h i
1962 P . s t r o b u s 5 Amphinema b y s s o id e s  
H ebelom a h ie m a le  
T uber m acu latum
F a s s i 1965 P . s t r o b u s 1 Endogone l a c t i f l u a
R a m b e ll i  1967, 1970 P in u s  r a d i a t a 20 -
F a s s i  & F o n ta n a 1966 P . s t r o b u s 3 T h e le p h o ra  t e r r e s t r i s  
L a c c a r ia  l a c c a t a  
H ebelom a mesophaeum
M arks 1965 P . . . r a d i a t a 7 -
C h i lv e r s 1968 E u c a ly p tu s
s p .
8 C. geo p h ilu m  
O c ta v ia n a  d e n sa
M ik o la 1965 P in u s
s y l v e s t r i s
1 E - s t r a i n  fu n g u s
W ilcox , Ganmore 
-Neumann & Wang
1974 P in u s
r e s i n o s a
2 E - s t r a i n  fu n g u s  
C h lo r id iu m  s p .
L a ih o 1970 - 1 P a x i l l u s  in v o lu tu s
Zak 1969 P s e u d o ts u g a
m e n z ie s i i
2 B y s s o p o r ia  t e r r e s t r i s  
v a r s  s a r t o r y i  &
.a u r a n t i a c a
Zak & L a rse n 1978 P . m e n z ie s i i 3 B. t e r r e s t r i s  v a r s  
l i l a c i n o r o s e a ,  p a r k s i i  
& s u b l u t ea
Zak 1971a P . m e n z ie s i i 1 R h izopogon  v i n i c o l o r
Thomas & 
Ja c k s o n
1979 P ic e a
s i t c h e n s i s
7 T. t e r r e s t r i s  
L. l a c c a t a
2 ty p e s  o f  E - s t r a i n  f u n g i
Chapter 3 I d e n t i f i c a t io n  o f  fu n g a l sym bionts
To c h a r a c t e r i s e  a  s h e a th in g  m y c o rrh iz a  c o m p le te ly  i t  i s  d e s i r a b l e  
to  i d e n t i f y  t h e  f u n g a l  s y m b io n t, A good i n d i c a t i o n  o f  i d e n t i t y  i s  th e  
r e g u l a r  o c c u r r e n c e  o f  s p o ro c a r p s  i n  c l o s e  p r o x im i ty  t o  a  s p e c i f i c  
m y c o r r h iz a l  ty p e .  T rap p e  ( l9 6 2 )  u s in g  t h i s  te c h n iq u e  c o m p ile d  l i s t s  
o f  p o s s i b l e  f u n g a l / t r e e  a s s o c i a t i o n s .  However t h e r e  a r e  many i n h e r e n t  
l i m i t a t i o n s : -
1 . O v e r lo o k in g  p o t e n t i a l l y  im p o r ta n t  m y c o r r h iz a l  f u n g i  t h a t  do n o t
r e a d i l y  p ro d u c e  s p o ro c a r p s  o r  p ro d u c e  in c o n s p ic u o u s  s p o r o c a r p s .
2 . S in c e  t h e  e n v iro n m e n ta l  c o n d i to n s  n e c e s s a r y  f o r  th e  fo rm a t io n  ‘ 
o f  s p o ro c a r p s  may v a r y  b e tw een  f u n g i ,  d ra w in g  e c o lo g i c a l  c o n c lu s io n s  
b a s e d  upon  th e  o b s e r v a t io n  o f  s p o ro c a rp s  i s  u n j u s t i f i e d .
3 . A ssum ing a  fu n g u s  i s  m y c o r r h iz a l  s i n c e  i t  c o n s i s t e n t l y  f r u i t s  
n e a r  a  t r e e .
To p ro v e  th e  r e l a t i o n s h i p  i t  may b e  p o s s i b l e  t o  t r a c e  rh iz o m o rp h s  
o r  m y c e l ia  from  m y c o r rh iz a s  t o  s p o r o c a r p s . ’ A lth o u g h  t h i s  i s  t e d io u s  
th e  m ethod  d o e s  p r o v id e  p o s i t i v e  i d e n t i f i c a t i o n  o f  t h e  m y c o r r h iz a l  f u n g u s .  
I n  t h i s  way W oodroof ( l9 3 3 )  i d e n t i f i e d  B o le tu s  communis a s  a  sy m b io n t w i th  
C arya  s p . .  F a s s i  (1965) d e m o n s tra te d  t h a t  s p o ro c a r p s  o f  Endogone l a c t i f l u a  
w ere  l in k e d  b y  m y c e l ia  to  s h e a th in g  m y c o r rh iz a s  o f  P in u s  s t r o b u s . Zak 6c 
B ryan ( c i t e d  i n  Zak & M arx, 1964) t r a c e d  rh iz o m o rp h s  and  m y c e l ia  from  
s p o ro c a r p s  o f  T h e le p h o ra  t e r r e s t r i s  t o  m y c o r rh iz a s  o f  P in u s  e l l i o t t i i  v a r  
e l l i o t t i i . F a s s i  & F o n ta n a  ( l9 6 6 )  i d e n t i f i e d  t h r e e  f u n g a l  s y m b io n ts  o f  
P . s t r o b u s  a s  T. t e r r e s t r i s , L a c c a r ia  l a c c a t a  an d  H ebelom a m esophaeum  b y  
t r a c i n g  m y c e l ia l  s t r a n d s  from  s p o ro c a rp s  to  m y c o r r h iz a s .  Schramm ( l9 6 6 )  
t e n t a t i v e l y  i d e n t i f i e d  m y c o r rh iz a s  o f  P i s o l i t h u s  t i n e t o r i u s  b y  t r a c i n g  
rh iz o m o rp h s  th ro u g h  d a rk  c o lo u r e d  a n t h r a c i t e  w a s te  from  s p o ro c a r p s  to  
m y c o r r h iz a s .  C h i lv e r s  ( l 968) u se d  t h i s  t e c h n iq u e  to  i d e n t i f y  o n e  o f  t h e  
m y c o r rh iz a s  o f  E u c a ly p tu s  s p .  a s  b e in g  fo rm ed  by  O c ta v ia n a  d e n s a . Zak 
& L a rse n  ( l9 7 8 )  l in k e d  s p o ro c a r p s  o f  B. t e r r e s t r i s  v a r s  l i l a c i n o r o s e a , 
p a r k s i i  and  s u b l u t e a  w ith  m y c o r rh iz a s  o f  P . m e n z i e s i i . S u c c e s s  o f  t h i s
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te c h n iq u e  u s u a l l y  d ep en d s  upon  w h e th e r  t h e  f u n g a l  m y c e lia  o r  m y c e l ia l  
c o rd s  h a v e  a n y  s p e c i a l  c h a r a c t e r i s t i c s .  I t  i s  a l s o  n e c e s s a r y  t o  e n s u re  
t h a t  t h e  a t ta c h m e n t  o f  t h e  m y c e l ia l  c o rd  i s  n o t  s u p e r f i c i a l .
I f  no  c o n n e c t io n s  b e tw een  s p o ro c a rp s  and  m y c o r rh iz a s  can  b e  
d i s c o v e r e d ,  th e n  t h e  m ycelium  e m a n a tin g  from  th e  s p o ro c a rp  c a n  b e  com pared  
to  t h a t  from  t h e  f u n g a l  s h e a th  (Schramm, 1966; L a ih o , 1 9 7 0 ).
A m ore p o s i t i v e  m ethod o f  i d e n t i f i c a t i o n  o f  th e  f u n g a l  sy m b io n t i s  
t o  i s o l a t e  t h e  fu n g u s  from  th e  m y c o r rh iz a  o r  a t t a c h e d  m y c e l ia l  c o rd s  
and  t o  com pare  t h e  c u l t u r e  m o r p h o lo g ic a l ly  and  p h y s i o l o g i c a l l y  w i th  
c u l t u r e s  i s o l a t e d  from  i d e n t i f i e d  s p o r o c a r p s .  I d e a l l y  t h e s e  s p o r o c a r p s  
s h o u ld  b e  c o l l e c t e d  in  t h e  im m ed ia te  v i c i n i t y  o f  th e  m y c o r rh iz a  (Z ak , 1 9 7 3 ) . 
P u re  c u l t u r e s  o f  m y c o r r h iz a l  f u n g i  can  b e  o b ta in e d  from  s p o ro c a r p s  i n  a  
num ber o f  w ays. I s o l a t i o n  from  t i s s u e  f ra g m e n ts  a s e p t i c a l l y  d i s s e c t e d  
from  th e  s p o ro c a rp  was p ro p o se d  by  M odess ( l 941) and  d e v e lo p e d  b y  N o rk ra n s  
( 1949 ) ,  B ryan  & Zak ( l 9 6 l )  and  P a lm e r ( l 9 7 l ) .  A n o th e r  m ethod i s  t o  o b t a in  
a  s t e r i l e  s p o re  d ro p  from  th e  s p o ro c a rp  and  th e n  g e rm in a te  t h e s e  s p o r e s  
(P a lm e r , 1 9 7 l ) .  How ever a  num ber o f  p o t e n t i a l l y  im p o r ta n t  m y c o r r h iz a l  
f u n g i  w i l l  n o t  g e rm in a te  upon l a b o r a t o r y  m e d i a . F r i e s  ( l  976 , 1978) h a s  
s u c c e s s f u l l y  in d u c e d  g e rm in a t io n  o f  b a s id io s p o r e s  o f  d i f f e r e n t  m y c o r r h iz a l  
f u n g i  on l a b o r a t o r y  m ed ia  b y  a d d in g  a  m ix tu r e  o f  am ino a c id s  o r  a c t i v a t e d  
c h a r c o a l  and  a  c o lo n y  o f  th e  y e a s t  R h o d o to ru la  g l u t i n i s .
at preSeyit^
The m eth o d s u s e d ^ n  th e  i s o l a t i o n  o f  f u n g a l  sy m b io n ts  from  m y c o r r h iz a l  
r o o t s  a r e  b a s e d  upon  th o s e  d e v e lo p e d  b y  M e lin  ( l 9 2 l ) .  T h is  i n v o l v e s  
s u r f a c e  s t e r i l i z a t i o n  o f  th e  m y c o r rh iz a  p r i o r  to  a t te m p te d  i s o l a t i o n  on 
l a b o r a t o r y  m e d ia . S t e r i l i z a t i o n  i s  n e c e s s a r y  to  rem ove s a p r o p h y t ic  s o i l  
f u n g i .  Am ongst t h e  s t e r i l a n t s  t h a t  h a v e  b e e n  u s e d  a r e  100 p .p .m . HgCI^ 
f o r  4  m in u te s  (Zak & M arx, 1 9 6 4 ) , 96% //v  e th a n o l  f o r  1 0 - 3 0  se c o n d s  
(P a c h le w s k i , 1 9 6 7 ) , 30% ^/v f o r  5 -  20 s e c o n d s  (Z ak , 1969) an d  
5% CuSO^ (M arx, B ryan  & G rand , 1 9 7 0 ) . W arcup ( p e r s .  comm.) u s e ,s  a  
l e s s  h a r s h  t r e a tm e n t  in v o lv in g  c a r e f u l  w a sh in g  o f  t h e  s h e a th in g  m y c o r rh iz a  
f i r s t  i n  a  d e t e r g e n t  s o l u t i o n  th e n  in  c h a n g e s  o f  s t e r i l e  d i s t i l l e d  w a te r ,  
t h i s  i s  fo llo w e d  b y  r o o t  f r a g m e n ta t io n  (W arcup, 1 9 5 9 ) . I s o l a t i o n  o f  
m y c o r r h iz a l  f u n g i  i s  o f  c o u r s e  l im i t e d  to  th o s e  t h a t  w i l l  grow on l a b o r a t o r y
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m ed ia , Zak (1 971 ) e s t im a te d  t h a t  a s  many a s  40% o f  m y c o r r h iz a l  f u n g i  
c a n n o t  grow on l a b o r a t o r y  m ed ia  so  f a r  d e v e lo p e d . M e lin  ( l9 3 6 )  
fo rm u la te d  a  l a b o r a t o r y  medium f o r  u s e  i n  th e  i s o l a t i o n  o f  m y c o r r h iz a l  
f u n g i ,  t h i s  was d e v e lo p e d  b y  N o rk ra n s  ( l9 4 9 )  and  s u b s e q u e n t ly  m o d if ie d  
b y  M arx ( l9 6 9 ,  1975b) and  g iv e n  th e  name M o d if ie d  M e lin  N o rk ra n s  
medium (MwM.N, ) .
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C h a p te r  4 A s e p t ic  s y n th e s i s  o f  s h e a th in g  m y c o r rh iz a s
A s e p t ic  s y n t h e s i s  o f  s h e a th in g  m y c o rrh iz a s  can  b e  u s e d  to  p ro v e  t h a t  
th e  i s o l a t e  o b ta in e d  from  a  m y c o r r h iz a l  r o o t  i s  i n  f a c t  t h e  m y c o r r h iz a l  
fu n g u s . Once s y n t h e s i s  h a s  been  c a r r i e d  o u t  t h e  r e s u l t i n g  m y c o r rh iz a  
m ust b e  com pared  m o r p h o lo g ic a l ly  w ith  t h e  o r i g i n a l .
■ A s e p t ic  m y c o r r h iz a l  s y n th e s i s  was f i r s t  a c h ie v e d  by  M e lin  ( l 9 2 l ,
1 9 3 6 ), An a s e p t i c a l l y  g e rm in a te d  s e e d l in g  was p l a n t e d  i n t o  p u r i f i e d  sa n d  
p lu s  n u t r i e n t  s o l u t i o n  and  th e n  in o c u la te d  w ith  t h e  t e s t  fu n g u s .  A f t e r  
3 - 4  m on ths t h e  r o o t s  w ere  exam ined  f o r  m y c o r r h iz a l  d e v e lo p m e n t. T h is  
te c h n iq u e  was s u b s e q u e n t ly  d e v e lo p e d  by  o th e r  w o rk e rs ;  N o rk ra n s  ( l9 4 9 )  
m o d if ie d  t h e  n u t r i e n t  s o l u t i o n  and  H a c sk ay lo  ( l9 3 3 )  recom m ended t h e  u s e  
o f  v e r m i c u l i t e  i n  p l a c e  o f  s a n d . M arx & Zak ( l9 6 5 )  d e v is e d  a  p e a t  m o s s /  
v e r m i c u l i t e / n u t r i e n t  s o l u t i o n  sy s te m  in  an  a t te m p t  t o  o b t a i n  a  c o n s ta n t  
pH, F o r t i n  ( l9 6 5 )  an d  F o r t i n  & F ic h e  ( l9 7 9 )  d i s s e c t e d  a s e p t i c a l l y  
g e rm in a te d  s e e d l in g s  to  g iv e  seg m en ts  w hich  w ere  p a r t  o f  t h e  h y p o c o ty l  
and  p a r t  o f  t h e  r o o t .  T h is  gave  a  f a s t  g row ing  r o o t  w h ich  p ro d u c e d  a  
l a r g e  num ber o f  l a t e r a l s .  T h ese  e x p la n t s  w ere  th e n  grown in  v e r m i c u l i t e /  
n u t r i e n t  s o l u t i o n  an d  i n o c u la te d  w ith  s u s p e c te d  m y c o r r h iz a l  f u n g i ,
P a c h le w sk i ( l9 6 7 )  c o n s id e r e d  t h a t ' t h e  b e s t  s u b s t r a t e  t o  in d u c e  
m y c o rrh iz a ; f o rm a t io n  was a  " s t a r v a t i o n  medium" c o n s i s t i n g  o f  a g a r ,  
th ia m in e  and  w a te r .  O n to  t h i s  an  a s e p t i c a l l y  g e rm in a te d  s e e d l i n g  and  
s u s p e c te d  m y c o r r h iz a l  fu n g u s  w ere  i n o c u l a te d ,  M y c o rrh iz a s  w e re  p ro d u c e d  
w i th in  one  y e a r  o f  i n o c u l a t i o n .  Mason ( l9 7 5 )  d e v e lo p e d  a  tu b e  c u l t u r e  
m ethod  o f  a s e p t i c  s y n th e s i s  in  B irc h  s e e d l i n g s  w ere  p la c e d  o n to  t h e
s u r f a c e  o f  an  a g a r  s lo p e  c o n ta i n in g  in o r g a n ic  s a l t s ,  -g lu c o s e  an d  th ia m in e ,
A c u l t u r e  o f  A, m u s c a r ia  was th e n  p la c e d  n e x t  to  th e  s e e d l i n g ,  M y c o rrh iz a s  
w ere  fo rm ed  w i th in  f o u r  w eeks.
Many s h e a th in g  m y c o r rh iz a s  h a v e  been  s y n th e s i s e d  in  a s e p t i c  c o n d i t i o n s  
w i th o u t  p r o o f  o f  t h e i r  n a t u r a l  o c c u r r e n c e  (B ryan  & Z ak , 1961 , 1962;
G rand, 1968; H a c sk a y lo  & B r u c h e t ,  1972; N o rk ra n s , 1949; R i f f l e ,  1973 ; 
T ra p p e , 1 9 6 7 b ) , Zak ( l9 7 1 b » 1973) c o n s id e r e d  t h a t  b e c a u s e  an  a s e p t i c a l l y  
s y n th e s i s e d  m y c o r rh iz a  i s  fo rm ed  in  a  w h o lly  a r t i f i c a l  e n v iro n m e n t i t  i s
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r a r e l y  t h e  sam e m o r p h o lo g ic a l ly  a s  i t s  n a t u r a l  c o u n t e r p a r t .  However 
Zak ( l  976a, 1-970?) s u b s e q u e n t ly  ch an g ed  t h i s  o p in io n  a f t e r  a s e p t i c a l l y  
s y n th e s i s i n g  m y c o r rh iz a s  be tw een  th e  e r ic a c e o u s  p l a n t s  A,, u v a - u r s i  
and  A, m e n z ie s i i  and  m y c o r r h iz a l  f u n g i  u s u a l l y  fo u n d  a s s o c i a t e d  w ith  
c o n i f e r s .  The m o rp h o lo g y  o f  t h e  m y c o r rh iz a s  fo rm ed  was d i f f e r e n t  from  
th e  c o r r e s p o n d in g  s h e a th in g  m y c o rrh iz a  o n ly  in  t h e  p r e s e n c e  o f  e x te n s iv e  
i n t r a c e l l u l a r  p e n e t r a t i o n  o f  th e  o u t e r  c o r t i c a l  c e l l s  and  th e  o v e r a l l  
m a c ro s c o p ic  d im e n s io n s .  T rap p e  ( l9 6 7 b )  fo u n d  t h a t  th e  m y c o r rh iz a s  . 
s y n th e s i s e d  b e tw een  P , m e n z ie s i i  and  Hebelom a c r u s t u l i n i f orme and  S u i l l u s  
s u b o liv a c e o u s  a l th o u g h  n o t  a s  y e t  fo u n d  n a t u r a l l y ,  c l o s e l y  re s e m b le d  
th o s e  fo rm ed  n a t u r a l l y  b y  c l o s e l y  r e l a t e d  s p e c i e s  o f  f u n g i .  The s y n th e s i s e d  
m y c o r rh iz a s  P , s y l v e s t r i s / h a c t a r i u s  r u f u s , P , s y lv e s t r i s /P h iz o p o g o n  
l u t eo lu s  (P a c h le w s k i ,  1 9 6 7 ); P , s y l v e s t r i s / S - s t r a i n  fu n g u s  (M ik o la , 1 9 6 5 );
P , r e s in o s a /C h lo r id iu m  s p ,  (W ilcox  e t  a l  1974) and  th o s e  fo rm ed  b y  
P a x i l l u s  i n v o lu tu s  (L a ih o  1970) c o rre s p o n d e d  m o r p h o lo g ic a l ly  w i th  t h e  
same m y c o r rh iz a s  fo u n d  i n  n a t u r a l  c o n d i t i o n s ,  Zak ( l 971 a )  fo u n d  t h a t  th e  
s y n th e s i s e d  m y c o r rh iz a s  P , m e n z i e s i i / R, v i n i c o l o r  w ere  n o t  a s  w e l l  
d e v e lo p e d  a s  t h o s e  o c c u r r in g  n a t u r a l l y ,  a l th o u g h  th e  a t t a c h e d  h y p h ae  o f  
th e  s h e a th  w ere  c o m p a ra b le . However i f  a  f u n g a l  i s o l a t e  i s  u n a b le  to  
form  m y c o r rh iz a s  i n  a s e p t i c  c o n d i t io n s  t h i s  d o e s  n o t  p r e c lu d e  i t  from  
b e in g  a  m y c o r r h iz a l  fu n g u s , s i n c e  t h e  c o n d i t io n s  f o r  m y c o r r h iz a l  f o rm a t io n  
may b e  i n c o r r e c t ,  Thomas & J a c k s o n  ( l9 7 9 )  h a v e  s u g g e s te d  t h a t  t h e  
m ic r o s c o p ic  a p p e a ra n c e  o f  s y n th e s i s e d  m y c o r rh iz a s  may b e  s t r o n g l y  i n f lu e n c e d  
b y  th e  n u t r i e n t  medium u s e d . G lu c o se  c a u se d  an  o v e rd e v e lo p m e n t o f  th e  
f u n g a l  s h e a th  an d  a  l a r g e  s e p a r a t i o n  o f  th e  c o r t i c a l  c e l l s .  The u s e  o f  
su ch  anom alous m y c o r rh iz a s  i n  a n y  p h y s io l o g i c a l  w ork c o u ld  c a s t  d o u b t 
upon th e  v a l i d i t y  o f  t h e  r e s u l t s .  A n o th e r  d i f f i c u l t y  i s  o b t a in in g  
c u l t u r e s  from  m y c o r rh iz a s  and  s p o r o c a r p s ,  i f  in d e e d  th e  fu n g u s  p ro d u c e s  
a  s p o ro c a r p .
O c c a s io n a l ly  i t  h a s  b een  p o s s i b l e  t o  i d e n t i f y  t h e  m y c o r r h iz a l  fu n g u s  
by  th e  p r o d u c t io n  o f  s p o ro c a r p s  w h i le  g row ing  in  p u re  c u l t u r e  o r  i n  a s e p t i c  
s y n th e s i s  w i th  t r e e  s e e d l i n g s ,  S p o ro c a rp s  o f  B, communis h a v e  b e e n  r e c o r d e d  
t o  h a v e  been  fo rm ed  in  p u re  c u l t u r e  w i th  P , e l l i o t t i i  v a r  e l l i p t t i i  
(B ryan  & Z ak , 1 9 6 l ) ,  H a c sk a y lo  ( l9 6 5 )  r e c o r d e d  s p o ro c a r p s  o f  T, t e r r e s t r i s  
a p p e a r in g  w ith  s e e d l in g s  o f  P in u s  v i r g i a n a  a f t e r  i n o c u l a t i o n  o f  sem i­
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a s e p t i c  f i e l d  s o i l  w i th  v e g e t a t i v e  m ycelium  o f  t h i s  fu n g ü s .  M arx, 
M o rr is  & M exal ( l9 7 8 )  r e c o r d e d  th e  o c c u r r e n c e  o f  s p o ro c a r p s  o f  
T. t e r r e s t r i s  and  P . t i n e t o r i u s  i n  t h e  s e e d  b ed s  o f  P . t a e d a  a f t e r  
i n o c u l a t i o n  w i th  v e g e t a t i v e  m ycelium  o f  t h e s e  f u n g i .  P e z i z e l l a  e r i c a e , 
t h e  m y c o r r h iz a l  e n d o p h y te  o f  C a llu n a  v u l g a r i s  was i d e n t i f i e d  a f t e r  
a p o th e c ia  w ere  p ro d u c e d  f o l lo w in g  i n o c u l a t i o n  o f  s e e d l i n g s  g row ing  
a s e p t i c a l l y  i n  s o i l  (R ead , 1 9 7 4 ) . D a v is  & Jong  ( l9 7 6 )  h a v e  d e s c r ib e d  
th e  f r u c t i f i c a t i o n  o f  L. l a c c a t a  i n  p u re  c u l t u r e  w i th o u t  t h e  p r e s e n c e  
o f  a n y  t r e e  s e e d l i n g s .  T h is  l a s t  fu n g u s  was c o n s id e r e d  to  b e  a  
f a c u l t a t i v e  m y c o r r h iz a l  fu n g u s  by  M ik o la  ( l 9 70) •
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C h a p te r  5 E c o lo g y  o f  s h e a th in g  m y c o r rh iz a s
5 .1  M in e ra l  n u t r i t i o n
S in c e  f i r s t  s u g g e s te d  b y  F ra n k  ( l8 8 5 a ) t h e  a b s o r p t io n  an d  t r a n s l o c a t i o n  
o f  n u t r i e n t s  i n t o  h o s t  p l a n t s  by  m y c o r r h iz a l  f u n g i  h a s  b e e n  t h e  m o st 
i n t e n s i v e l y  s tu d i e d  p h y s io l o g i c a l  phenom enon o f  m y c o r r h iz a l  s y s te m s .
In  1936 H a tc h  r e c o r d e d  a  d i s p r o p o r t i o n a t e  i n c r e a s e  i n  N, P & K, i n  
c o m p a riso n  to  d r y  w e ig h t ,  when m y c o r r h iz a l  and  n o n - m y c o r rh iz a l  s t r o b u s  
s e e d l in g s  w e re  a n a ly s e d .  McComb ( l9 3 8 ,  1 9 4 3 ) , M i t c h e l l ,  F in n  & R o se n d a h l 
( 1937 ) an d  T ra p p e  & S t r a n d  ( l9 6 9 )  r e c o r d e d  a  d i s p o r p o r t i o n a t e  i n c r e a s e  
i n  P c o n te n t  when h e a l t h y  m y c o r r h iz a l  s e e d l i n g s  w ere  com pared  w i th  
s tu n t e d  n o n - m y c o r rh iz a l  s e e d l i n g s .  However F in n  ( 1.942) r e c o r d e d  an  
i n c r e a s e  i n  % N Sc K b u t  a  d e c r e a s e  i n  % P accom pany ing  m y c o r r h iz a l  
i n f e c t i o n  (T a b le  2 ) .  M i t c h e l l  ^  ( 1937) h a v e  shown t h a t  t h e  
a d d i t i o n  o f  f e r t i l i z e r  can  e l i m i n a te  t h e  m y c o r r h iz a l  r e s p o n s e  i n  te rm s  
o f  s e e d l i n g  d r y  w e ig h t  i n  n u t r i e n t  d e f i c i e n t  s o i l s  (T a b le  2 ) ,  Thus on e  
o f  t h e  f u n c t i o n s  o f  a  m y c o r rh iz a  h a s  b e e n  c o n c lu d e d  to  b e  i n c r e a s e d  
u p ta k e  o f  n u t r i e n t s  e s p e c i a l l y  p h o s p h a te .  H a tch  ( l9 3 7 )  p o s t u l a t e d  t h a t  
t h i s . i n c r e a s e  was d u e  to  th e  p h y s ic a l  i n c r e a s e  i n  a b s o r p t iv e  s u r f a c e  o f  
t h e  m y c o r r h iz a l  r o o t  due  t o : -  ( a )  c o n t in u e d  e lo n g a t io n ;  (b )  i n c r e a s e  
i n  d ia m e te r ;  ( c )  m u l t i p l e  t i p  d e v e lo p m e n t; (d )  i n c r e a s i n g  the- l i f e  o f  
t h e  c o r t e x  th ro u g h  t h e  a c t i o n  o f  t h e  fu n g u s  i n  d e la y in g  s u b e r i z a t i o n  o f  
th e  en d o d e rm is  an d  c o r t e x ;  ( e )  a c q u i r in g  t h e  s u r f a c e  a r e a s  o f  t h e  
m y c o r r h iz a l  f u n g i  e i t h e r  a s  ( 1 ) t h e  f u n g a l  s h e a th ,  (2 )  i n d i v i d u a l  h y p h ae  
e x te n d in g  fro m  t h e  s h e a th  i n t o  t h e  s o i l ,  ( 3 ) a s  m ycelium  c o n n e c te d  to  t h e  
m y c o r rh iz a  b y  m y c e l ia l  c o r d s .  Of t h e s e  f e a t u r e s  (d )  and  (e )  a r e  p r o b a b ly  
m o st im p o r ta n t  s i n c e  Nye & T in k e r  ( l9 7 7 )  h a v e  shown how i n e f f e c t i v e  an  
i n c r e a s e  i n  d ia m e te r  o f  a  r o o t  i s  when i t  a p p ro a c h e s  t h e  c o n d i t i o n s  o f  an  
i n f i n i t e l y  s t r o n g  s in k ,  w hich  i s  l i k e l y  to  o c c u r  i n  p h o s p h a te  p o o r  s o i l s .
H a r le y  ( l9 6 9 )  h a s  p o s t u l a t e d  t h a t  t h e  a b s o r p t iv e ,  a s s i m i l a t i v e  an d  
a c c u m u la t iv e  p r o p e r t i e s  o f  a  m y c o r rh iz a  a r e  th o s e  o f  t h e  f u n g a l  s h e a th .  
Bowen & T heodorou  ( l9 6 7 ) ,  H a r l e y . ( l  9 6 9 ) , M e js t r i k  (197Q) a n d 'M e j s t r i k  & 
K ra u se  ( l9 7 3 )  h a v e  a l l  shown in c r e a s e d  a b s o r p t io n  r a t e s  c a u s e d  by  
m y c o r r h iz a l  i n f e c t i o n  i iy  c u l t u r e  s o l u t i o n  e x p e r im e n ts .  H ow ever Bowen 
( 1973 ) ,  Nye & T in k e r  ( l9 7 ? )  and  M e js t r i k  ( l9 7 5 )  c o n s id e r  t h a t  t h e s e
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d i f f e r e n c e s  do n o t  a c c o u n t  f o r  t h e  e f f e c t i v e n e s s  o f  th e  m y c o r r h iz a l  
com pared  w ith  n o n -m y c o r rh iz a l  s e e d l in g  in  s o i l .  I n  s o i l  i t  i s  t h e  m ovenen t 
o f  t h e  io n  to w a rd s  t h e  a b s o r b in g  o rg a n  w h ich  w i l l  be  th e  l i m i t i n g  f a c t o r .
T h is  m ovem ent o f  i o n s ,  e i t h e r  b y  d i f f u s i o n  o r  c o n v e c t io n  i n  w a te r ,  w i l l  
d epend  upon  many f a c t o r s  o f  b o th  t h e  io n  and  s o i l .  T h ese  in c lu d e  d i f f u s i v i t y  
o f  t h e  io n  i n  s o i l ,  d i s p e r s io n  o f  i o n s ,  e f f e c t  o f  o th e r  io n s  on d i f f u s i o n  
p a th s ,  w a te r  c o n te n t ,  t o r t u o s i t y  o f  d i f f u s i o n  p a th s  an d  i n t e r a c t i o n s  o f  
io n s  w ith  s o i l  s u r f a c e s .  I n  s i t u a t i o n s  w here  p l a n t  r o o t s  a b s o rb  io n s  from  
s o i l  s o l u t i o n  a s  r a p i d l y  a s  t h e y  a r r i v e  a t  t h e  s u r f a c e ,  t h e  t r a n s f e r  o f  
t h e  io n  th ro u g h  t h e  s o i l  w i l l  c o n t r o l  t h e  r a t e  o f  u p ta k e  m ore th a n  d i f f e r e n c e s  
i n  a b s o rb a n c y  pow er. However when s u p p ly  t o  th e  r o o t s  i s  h ig h ,  d i f f e r n c e  
i n  a b s o rb a n c y  pow er w i l l  b e  im p o r ta n t  i n  u p ta k e .  Bowen & T heodorou  ( l9 6 ? )  
h a v e  shown t h e  im p o r ta n c e  o f  l o n g e v i ty  o f  m y c o r rh iz a s  in  n u t r i e n t  u p ta k e .
I n  s o i l  low  in  p h o s p h o ru s ;  an d  s lo w  in  r e p le n is h m e n t  from  th e  s o l i d  p h a s e ,  
lo n g e v i ty  w i l l  a l lo w  d i f f u s i o n  o v e r  a  w id e  r a d i u s  from  t h e  m y c o r rh iz a .
U p ta k e  b y  t h e  m y c o r rh iz a  w i l l  c a u s e  a  g r a d i e n t  o f  c o n c e n t r a t i o n  to  form  
t h e r e f o r e  d i f f u s i o n  w i l l  o c c u r .  I n  s o i l  h ig h  in  p h o sp h o ro u s  an d  w i th  r a p i d  
r e p le n is h m e n t  from  th e  s o l i d  p h a s e  t h e  r a d i u s  o f  d i f f u s i o n  w i l l  be  s m a l l  
b u t  p e r s i s t a n t  a n d  m a in ta in e d ,  h ig h  u p ta k e  w i l l  l e a d  to  low  s o l u t i o n  
c o n c e n t r a t i o n  n e a r  t h e  m y c o r rh iz a s  and  th u s  e n c o u ra g e  r e l e a s e  o f  p h o sp h o ru s  
from  s o l i d  p h a s e .  The same p r i n c i p l e s  a p p ly  t o  a l l  s o l u t i o n s  m oving  by  
d i f f u s i o n .  W ith  r a p i d l y  m oving io n s  t h e r e  w i l l  b e  a  g r e a t e r  d e p l e t i o n  o f  * 
s o i l  away from  th e  r o o t  th a n  w i th  s lo w ly  d i f f u s i n g  io n s  w h ere  t h e r e  w i l l  
b e  a  n a rro w  d e p l e t i o n  zone  (N ye, 1 9 6 6 ) , I n  c o n v e c t io n  s i m i l a r  im p l i c a t i o n s  
o f  l o n g e v i ty  a p p ly  a s  f o r  d i f f u s i o n ,  a ssu m in g  t h a t  m y c o r rh iz a s  a r e  w a te r  
u p ta k e  o r g a n s .
M e lin  & N i l s s o n  ( l9 5 0 ,  1953) and  M e lin , N i l s s o n  & H a c sk a y lo  ( l 958) 
h a v e  shown t h a t  e x t e r n a l  h y p h a e  o f  m y c o r r h iz a l  r o o t s  c a n  a c t  i n  a  s i m i l a r  
f a s h io n  to  r o o t  h a i r s  i n  r e s p e c t  o f  s a l t  a b s o r p t io n .  I t  w as shown b y  m eans 
o f  r a d i o a c t i v e  N, P , Ca & Na t h a t  t h e  m y c e l ia  o f  m y c o r rh iz a s  w e re  a b l e  t o  
a b s o rb  and  t r a n s l o c a t e  i n o r g a n ic  a n io n s ,  c a t i o n s  and  g lu ta m ic  a c id  t o  
s e e d l i n g s .  H yphal g row th  i n t o  th e  s o i l  s u r ro u n d in g  th e  m y c o r rh iz a  w i l l  
n o t  o n ly  i n c r e a s e  t h e  a r e a  o f  a b s o r p t io n  b u t  a l s o  e x p lo r e  r e l a t i v e l y  
u n d e p le te d  s o i l  away from  th e  r o o t  p r o p e r ,  f i n e  h y p h ae  w i l l  b e  a b l e  to  
p e n e t r a t e  p o r e s  i n  s o i l  and  o r g a n ic  m a t t e r  t h a t  c a n n o t be  e n te r e d  b y  r o o t
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h a i r s .  T h e r e f o r e  t h e r e  i s  g r e a t e r  s o i l / p l a n t  c o n t i n u i t y  i n  e x p l o i t i n g  
s o i l  w a te r  and  n u t r i e n t s  in  t h e  p o r e s .  Bowen ( l9 6 8 )  c o n s id e r s  t h a t  m y c e l ia l  
c o rd  f o rm a t io n  i s  a  m ore  im p o r ta n t  f a c t o r  th a n  i n d iv i d u a l  h y p h a l g ro w th  
from  th e  s h e a th  s u r f a c e ,  s i n c e  t h e  m y c e l ia l  c o rd  i s  a b le  to  grow f o r  
r e l a t i v e l y  l a r g e  d i s t a n c e s  away from  th e  s h e a th ,  th u s  a v o id in g  d e p le t i o n  
z o n e s ,  an d  i s  a b l e  t o  a b s o rb  a lo n g  i t s  l e n g t h .  S k in n e r  & Bowen ( l9 7 4 a )  
h a v e  shown t h a t  P u p ta k e  b y  m y c e l ia l  c o rd s  i s  l a r g e l y  m e t a b o l i c a l l y  l in k e d  
an d  P i s  t r a n s l o c a t e d  t o  t h e  m y c o r r h iz a l  r o o t .  M y c e l ia l  c o rd s  r a m if y in g  
th ro u g h  t h e  s o i l  c o u ld  a l s o  a c t  a s  an  e f f i c i e n t  t r a p p in g  sy s te m  f o r  
n u t r i e n t s  b e in g  le a c h e d  from  f o l i a g e  an d  s o i l  (Went & S t a r k ,  1 9 6 8 ) .
H a r le y  & M cCready ( l9 5 0 ,  1952) h a v e  shown t h a t  p h o s p h a te  i s  s t o r e d  i n  
g r e a t e r  q u a n t i t i e s  i n  t h e  s h e a th  th a n  i n  th e  h o s t  t i s s u e  a lo n e ,  th u s  d u r in g  
p e r io d s  o f  p h o s p h a te  d e f i c i e n c y ,  f o l lo w in g  p e r io d s  o f  p h o s p h a te  s u f f i c i e n c y ,  
p h o s p h a te  c o u ld  move s t e a d i l y  i n t o  t h e  s h o o ts  o f  m y c o r r h iz a l  p l a n t s  b u t  
h a r d l y  a t  a l l  i n t o  n o n - m y c o r rh iz a l  p l a n t s  a f t e r  t h e  f i r s t  few  d a y s .
B e s id e s  b e in g  a b l e  to  a b s o rb  r e a d i l y  s o lu b l e  io n s  i t  h a s  b een  
p o s t u l a t e d  t h a t  m y c o r r h iz a l  f u n g i  m a y 'b e  a b l e  to  o b t a i n  n u t r i e n t s  n o t  
r e a d i l y  a v a i l a b l e  to  t h e  u n i n f e c te d  p l a n t .  J a h n  ( l9 3 4 ) ,  R o u tien ;8 c  Dawson 
( l9 4 3 )  and  S c h a tz ,  C h e ro n is ,  S c h a tz  & T re law n y  ( l9 5 4 )  h a v e  p ro p o se d  t h a t  
e x c r e t i o n  o f  a c i d ,  h y d ro g en  io n s  an d  c h e l a t i n g  com pounds r e s p e c t i v e l y  
c o u ld  h a v e  a  s o l u b i l i z i n g  e f f e c t  on p o o r ly  s o lu b l e  p h o s p h a te s .  Bowen & 
T heodorou  ( l9 6 7 )  r e p o r t e d  a  r e s p o n s e  o f  m y c o r r h iz a l  and  n o n - m y c o r rh iz a l  
P . r a d i a t a  s e e d l i n g s  t o  ro c k  p h o s p h a te  an d  S to n e  ( l9 4 9 )  a  r e s p o n s e  o f  
P . r a d i a t a  -to  f o u r  m in e r a l  p h o s p h a te s .  T h ese  r e s u l t s  w ere  p r o b a b ly  due  
t o  r h iz o s p h e r e  o r  m y c o r rh iz o s p h e re  e f f e c t s .  R o se n d a h l ( l9 4 3 )  an d  Bowen 
8c T heodorou  ( l9 6 7 )  h a v e  shown t h a t  s o l u b i l i z a t i o n  o f  m in e r a l  p h o s p h a te  
b y  m y c o r r h iz a l  f u n g i  d o es  o c c u r  i n  p u re  c u l t u r e ,  b u t  ‘t h i s  i s  m a in ly  du e  
t o  a c id  p r o d u c t io n  when t h e r e  i s  a  c a r b o h y d r a te  s u p p ly .
R e c e n t ly  s u r f a c e  p h o s p h a ta s e s  h a v e  been  shown to  a f f e c t  t h e  r e l e a s e  
and  a b s o r p t io n  o f  P b y  m y c o r r h iz a l  f u n g i  ( B a r t l e t t  8c L e w is , 1 9 7 3 ) .
W illia m so n  & A le x a n d e r  ( l9 7 5 )  d e m o n s tra te d  t h a t  p h o s p h a ta s e  a c t i v i t y  in  
e x c is e d  b e e ch  m y c o r rh iz a s  was 2 - 8  t im e s  t h a t  i n  n o n - m y c o r rh iz a l  r o o t s  
an d  was l o c a l i s e d  i n  th e  f u n g a l  s h e a th .  Ho 8c Zak ( l9 7 9 )  p o s t u l a t e  t h a t  
s h e a th in g  m y c o r r h iz a l  f u n g i  may d i f f e r  i n  t h e i r  e f f e c t i v e n e s s  i n  
p h o sp h o ro u s  u p ta k e  due  to  v a r i a t i o n  in  t h e i r  a c id  p h o s p h a ta s e  a c t i v i t y .
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5 .2  R oot p r o t e c t i o n
B e s id e s  f u n c t i o n in g  a s  a  n u t r i e n t  a b s o rb in g  o rg a n , Zak ( l9 6 4 )  h a s  
s u g g e s te d  t h a t  t h e  d e n s e  m at o f  s h e a th  h y p h ae  may a c t  a s  a  m e c h a n ic a l  
b a r r i e r  a g a i n s t  p a th o g e n ic  a t t a c k .  M arx ( l9 7 0 )  h a s  shown t h a t  t h i s  
h y p h a l b a r r i e r  i n  p in e  m y c o r rh iz a s  was e f f e c t i v e  a g a i n s t  P h y to p h th o ra  
cinnam om i m y c e l ia .  M arx ( l9 6 9 )  i s o l a t e d  a  v e r y  p o te n t  a n t i b i o t i c ,  
b e lo n g in g  to  t h e  d i a t r e t y n e  g roup  o f  p o ly a c e ty l e n e  com pounds, from  
L e u c o p a x i l lu s  c e r e a l i s  e f f e c t i v e  a g a i n s t  s e v e r a l  b a c t e r i a  and  f u n g i  
i n c lu d in g  P., c innam om i.  R ic h a rd ,  F o r t i n  & F o r t i n  (1971) h a v e  shown th e  
p r o t e c t i v e  e f f e c t  o f  S u i l l u s  g r a n u la tu s  a g a in s t  M ycelium  r a d i c i s  a t r o v i r e n s . 
S ta c k  & S i n c l a i r  ( l 974) r e p o r t  t h e  p r o t e c t i o n  o f  P . m e n z ie s i i  a g a i n s t  
F u sa riu m  oxysporum  by  L. l a c c a t a  w i th o u t  m y c o r rh iz a  fo rm a tio n  b e in g  
n e c e s s a r y .  B e s id e s  p r o t e c t i o n  a g a i n s t  p a th o g e n s  Zak ( l9 7 l c )  s u g g e s t s  
p r o t e c t i o n  o f  t h e  f e e d in g  r o o t s  by  m y c o r r h iz a l  f u n g i  a g a i n s t  s o i l  
p h y to to x in s .
5 .3  D ro u g h t r e s i s t a n c e
T h e re  i s  c i r c u m s t a n t i a l  e v id e n c e  t h a t  m y c o r rh iz a s  may i n c r e a s e  
d ro u g h t  r e s i s t a n c e  o f  s e e d l i n g s ,  d u e  e i t h e r  t o  d ro u g h t  r e s i s t a n c e  o f  t h e  
m y c o r rh iz a  o r  g e n e r a l l y  g r e a t e r  r o o t  g row th  o f  m y c o r r h iz a l  s e e d l i n g s .
W orley  & H a c sk a y lo  (1959 ) n o te d  t h e  i n c r e a s i n g  o c c u r r e n c e  o f  b la c k  
m y c o r rh iz a s  w i th  d e c r e a s in g  s o i l  m o is tu r e  l e v e l ,  th u s  i n d i c a t i n g  a  
s e l e c t i v e  e f f e c t  o f  s o i l  m o is tu r e  f o r  m y c o r r h iz a l  ty p e .  T heodorou  (1 9 7 8 ) 
h a s  shown t h a t  m y c o r r h iz a l  f u n g i  a r e  a b l e  t o  grow a t  w a te r  p o t e n t i a l s  w e l l  
be low  t h e  w i l t i n g  p o i n t  o f  p l a n t s  w h ich  c o u ld  p r o v id e  an a d v a n ta g e  to  t h e  
m y c o r r h iz a l  p l a n t  d u r in g  a  d r y  s e a s o n . However S ands & T heodorou  (1 9 7 8 ) 
h a v e  r e p o r t e d  t h a t  t h e  r e s i s t a n c e  to  t h e  f lo w  o f  w a te r  from  t h e  s o i l  th ro u g h  
t h e  i n o c u l a te d  p l a n t s  w as g r e a t e r  th a n  th ro u g h  t h e  u n in o c u la te d  p l a n t s ;  
t h e  i n o c u la te d  p l a n t s - w e r e  m ore w a te r  s t r e s s e d  a t  a l l  s o i l  m a t r i c  p o t e n t i a l s  
e x c e p t  th o s e  c l o s e  to  z e r o ;  and  t h e r e  was no  s i g n i f i c a n t  d i f f e r e n c e  b e tw e en  
i n o c u l a te d  and  u n i n o c u la te d  p l a n t s  i n  t h e  r a t e  a t  w h ich  th e y  rem ove w a te r .
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Chapter 6 M y corrh iza l in o c u la t io n
I n  1917 M e lin  d e m o n s tra te d  t h a t  a s  lo n g  a s  P . s y l v e s t r i s  and  
P ic e a  a b ie s  t r a n s p l a n t s  u s e d  f o r  a f f o r e s t i n g  f r e s h l y  d r a in e d  p e a t  bogs 
w ere  w i th o u t  m y c o r rh iz a s  t h e y  r o n a in e d  s tu n t e d .  Growth a c c e l e r a t e d  a s  
soon  a s  m y c o r rh iz a s  began  t o  a p p e a r ,  p re su m a b ly  ■ w ith  t h e  d e v e lo p m en t o f  
e f f e c t i v e  am ounts o f  f u n g a l  in o c u la  w h ich  may h a v e  been  i n i t i a l l y  a b s e n t .  
S in c e  t h i s  i n i t i a l  o b s e r v a t i o n , s o i l s  from  many p a r t s  o f  t h e  w o r ld  h a v e  
b een  fo u n d  to  la c k  s h e a th in g  m y c o r r h iz a l  f u n g i  c a p a b le  o f  s u p p o r t in g  th e  
g row th  o f  c e r t a i n  t r e e  s p e c i e s .  T h is  i s  m ost o b v io u s  in  th e  i n t r o d u c t i o n  
o f  e x o t i c  t r e e  s p e c i e s  and  th e  e s ta b l i s h m e n t  o f  f o r e s t  n u r e s e r i e s  on 
fo rm e r  a g r i c u l t u r a l  la n d  o r  o th e r  s i t e s  w h ich  h a v e  lo n g  b een  t r e e l e s s .
Many a t t o n p t s  h av e  been  made t o  overcom e t h i s  m y c o r r h iz a l  d e f i c i e n c y ,
M ik o la  ( 1970 ) re v ie w e d  th e  v a r io u s  m ethods o f  m y c o r r h iz a l  i n o c u l a t i o n  
u s e d  th ro u g h o u t  t h e  w o r ld . The m ost w id e ly  u s e d , and  by  f a r  t h e  o l d e s t  
m eth o d , i s  t h e  i n t r o d u c t i o n ,  u s u a l l y  i n t o  n u r s e r y  b e d s , o f  s o i l  from  
h e a l t h y  p l a n t a t i o n s  o r  e s t a b l i s h e d  n u r s e r i e s .  The s o i l ,  c o n ta i n in g  a  
m ix tu re  o f  m y c o r r h iz a l  f u n g i  and  o th e r  o rg a n is m s , i s  u s u a l l y  s p re a d  a s  
a  t h i n  l a y e r  o v e r  th e  to p  o f  th e  n u r s e r y  bed  and  th e n  th o ro u g h ly  m ixed  
w ith  t h e  s o i l  b e n e a th .
A w e l l  docum en ted  c a s e  o f  t h e  im p o r ta n c e  o f  m y c o r r h iz a l  i n o c u l a t i o n  
i s  t h a t  o f  P u e r to  R ic o . :. U n s u c c e s s fu l  a t t o n p t s  t o  in t r o d u c e  p in e s  t o  t h e  
i s l a n d  h a d  been  m ade f o r  a lm o s t 30 y e a r s ,  d u r in g  w h ich  t im e  26 s p e c i e s  
and  h y b r id s  o f  P in u s  w ere  t e s t e d .  U s u a l ly  s e e d  g e rm in a te d  w e l l  an d  th e  
s e e d l i n g s  grew  r a p i d l y  f o r  a  few  m o n th s , th e n  th e y  becam e c h l o r o t i c  and  
d ie d  e i t h e r  i n  t h e  n u r s e r y  o r  soon  a f t e r  th e y  w ere  p l a n t e d  o u t .  S o i l  from  
a  P in u s  t a e d a  and  a  P in u s  e c h in a ta  p l a n t a t i o n  i n  N o rth  C a r o l in a  was 
in t r o d u c e d  in- 1955 (M ik o la , 1970) and  u s e d  to  i n o c u l a t e  P . e l l i o t t i i  
s e e d l i n g s .  When com pared  w ith  u n in o c u la te d  c o n t r o l s  f o u r  y e a r s  l a t e r  t h e
i n o c u la te d  s e e d l in g s  w ere  fo u n d  to  b e  a t  l e a s t  tw ic e  a s  h ig h  a s  th e
c h l o r o t i c  c o n t r o l s  (H a c sk a y lo , 1 9 5 9 ) . S o i l  from  t h i s  i n i t i a l  i n o c u l a t i o n  
was u s e d  to  i n o c u l a t e  n u r s e r i e s  and  o th e r  t r a n s p l a n t s .  H a c sk a y lo  ( l9 5 9 )  
im p o r te d  m ore in o cu lu m  i n  t h e  fo rm  o f  d u f f  and  humus from  a n a t u r a l
P . v i r g i n i a n a  s ta n d  in  M a ry la n d , t h i s  was u s e d  to  i n o c u l a t e  a  s e e d b e d  o f
P in u s  c a r i b a e a . T h is  inocu lum  h a s  s in c e  been  p ro p a g a te d  an d  c o n t in u o u s ly  
u s e d  a t  t h e  same n u r s e r y .  The te c h n iq u e s  o f  s o i l  i n o c u l a t i o n  v a r y  a c c o r d in g  
t o  t h e  c o u n t r y  and  m ethod  o f  s e e d l in g  p r o d u c t io n .  S o i l  in o cu lu m  i s  u s u a l l y
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added  to  th e  t r a n s p l a n t i n g  m ix tu r e .  The fo rm  o f  t h e  s o i l  in o cu lu m  can  
b e  s o i l  from  an  e s t a b l i s h e d  n u r s e r y ,  f o r e s t  t o p s o i l  o r  f o r e s t  l i t t e r .
I n  t h e  S o v ie t  U nion s o i l  in ocu lum  h a s  been  u s e d  w ith  d i r e c t  s e e d in g  
te c h n iq u e s  (Lobanow, i 9 6 0 ) .  A lth o u g h  t h i s  h a s  b een  e f f e c t i v e  th e  l o g i s t i c a l  
p ro b lem  o f  u s in g  s o i l  in ocu lum  on a  l a r g e  s c a l e  r e n a i n s  t o  be  overcom e. 
B e s id e s  t h i s  p ro b lem  m ethods o f  s to r a g e  o f  s o i l  inocu lum  from  one  s e a s o n  
t o  a n o th e r  may e x e r t  a  s e l e c t i v e  i n f l u e n c e  on th e  ty p e s  o f  m y c o r r h iz a l  
f u n g i  p r e s e n t .  H a tc h  ( l9 3 7 )  and  M ik o la  ( l9 4 8 )  r e c o r d e d  o n ly  th e  p r e s e n c e  
o f  b la c k  m y c o r rh iz a  when i n o c u l a t i o n  w ith  d r y  f o r e s t  humus was c a r r i e d  
o u t .  I n o c u l a t i o n  w ith  th e  same humus w h i le  s t i l l  m o is t  r e s u l t e d  m a in ly  in  
l i g h t  c o lo u r e d  m y c o r r h iz a s .  T h ese  b la c k  m y c o r rh iz a s  may h a v e  b e e n  fo rm ed  
b y  C. g e o p h ilu m , a  fu n g u s  r e c o r d e d  a s  b e in g  p a r t i c u l a r l y  d ro u g h t  r e s i s t a n t  
(T ra p p e , 1962 , W orley  & H a c s k a y lo , 1 9 5 9 ).
The u s e  o f  s o i l  in ocu lum  h a s  many d i s a d v a n ta g e s .  S o i l  c o n ta i n s  a  
m ix tu re  o f  t h e  f u n g a l  s p e c ie s  and o th e r  s o i l  o rg a n ism s  o f  th e  s i t e  from  
w h ich  i t  i s  o b ta in e d .  Thus t h e  e f f e c t i v n e s s ,  in  te rm s  o f  b e n e f i t  t o  t h e  
i n o c u la te d  t r e e  s p e c i e s ,  o f  t h e  m y c o r r h iz a l  f u n g i  p r e s e n t  i n  t h e  s o i l  
w i l l  be unknow n. T h e re  i s  a l s o  a g r e a t  c h a n c e  t h a t  t h e  s o i l  may c o n ta in  
p a th o g e n ic  o rg a n is m s . '
An a l t e r n a t i v e  m ethod  i s  to  u s e  m y c o r r h iz a l  s e e d l in g s  t o  i n o c u l a t e  
n u r s e r y  s e e d b e d s .  M y c o rrh iz a l  s e e d l in g s  a r e  p l a n t e d  i n t o  n u r s e r y  s e e d b e d s , 
a llo w e d  t o  become e s t a b l i s h e d ,  th e n  young s e e d l in g s  a r e  p l a n t e d  a ro u n d  
them . M y c o r rh iz a l  i n f e c t i o n  s p re a d s  from  th e  o ld e r  t o ; t h e  y o u n g e r s e e d l i n g .  
T rap p e  & S t r a n d  ( l9 6 9 )  r e c t i f i e d  m y c o r r h iz a l  d e f i c i e n c y  du e  t o  s o i l  
f u m ig a t io n  i n  a  n e w ly  e s t a b l i s h e d  n u rse ry ^  by  p l a n t i n g  s e e d l i n g s  w h ich  h ad  
become m y c o r r h iz a l  n a t u r a l l y  i n  a r e a s  o f  s tu n t e d  s e e d l i n g s .
I n o c u l a t i o n  o f  s e e d l in g s  w ith  p u re  c u l t u r e s  o f  m y c o r r h iz a l  f u n g i  h a s  
been  c a r r i e d  o u t  many t im e s  i n  e x p e r im e n ta l  s i t u a t i o n s .  H o w e v e r ,p u re  
c u l t u r e  i n o c u l a t i o n  on a  p r a c t i c a l  s c a l e  h a s  been  v e r y  l i m i t e d  u n t i l  
r e c e n t l y .  The m ain  p ro b le m s a s s o c i a t e d  w ith  t h i s  m ethod  a r e ;  , ( l )  P r o d u c t io n  
o f  s u f f i c i e n t  q u a n t i t i e s  o f  f u n g a l  m a t e r i a l ;  and  (2 )  S e l e c t io n  o f  t h e  m o st 
s u i t a b l e  s p e c i e s  o f  f u n g i .  Many s h e a th in g  m y c o r r h iz a l  f u n g i  a r e  d i f f i c u l t
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to  c u l t i v a t e  an d  a  b a la n c e  m ust be  o b ta in e d  be tw een  th e  e f f e c t i v n e s s  o f  
m y c o r r h iz a l  f u n c t i o n  and  e a s e  o f  p r o d u c t io n  o f  in o cu lu m  w henever a n y  form  
o f  i n o c u l a t i o n  program m e i s  p la n n e d . F o r  p u re  c u l t u r e  i n o c u l a t i o n  t o  be  
s u c c e s s f u l  t h e  in t r o d u c e d  fu n g u s  m ust be  a b le  t o  com pete  w ith  t h e  n a t u r a l  
m ic r o b ia l  p o p u la t io n  o f  th e  s o i l .  To a c h ie v e  t h i s  may e n t a i l  a d d i t i o n  
o f  l a r g e  q u a n t i t i e s  o f  in o cu lu m  and  a l t e r a t i o n  o f  t h e  s o i l  c o n d i t io n s  to  
fa v o u r  th e  in t r o d u c e d  fu n g u s .
M oser ( l9 5 8 ,  1959 , 1962) p io n e e r e d  th e  d e v e lo p m en t o f  p r a c t i c a l  
p u re  c u l t u r e  i n o c u l a t i o n  t e c h n iq u e s .  . I n  A u s t r i a , r e a f f o r e s t a t i o n  o f  la n d  
above  th e  h ig h  t i m b e r l i n e  was c a r r i e d  o u t  u s in g  P in u s  cem b ra . The n u r s e r i e s  
s u p p ly in g  t r a n s p l a n t s  w ere  l o c a t e d  in  th e  v a l l e y s  an d  la c k e d  S u i l l u s  p l o r a n s , 
th e  m o st s u i t a b l e  m y c o r r h iz a l  a s s o c i a t e  o f  P . cem bra a t  h ig h  a l t i t u d e s .
The fu n g u s  was i n t r o d u c e d  i n t o  th e  n u r s e r i e s  b y  m eans o f  p u re  c u l t u r e  
i n o c u l a t i o n .  The fu n g u s  was f i r s t  grown in  a  n u t r i e n t  s o l u t i o n  i n  f l a s k s  
th e n  t r a n s f e r e d  to  t e n  l i t r e  ta n k s  c o n ta in in g  s i m i l a r  n u t r i e n t  s o l u t i o n .
A f t e r  a  few  m on ths  g ro w th  th e  m y c e l ia  w ere  t r a n s f e r e d  to  a  m ix tu r e  o f  p e a t  ' 
and  v e r m i c u l i t e  m o is te n e d  w ith  n u t r i e n t  s o l u t i o n .  T h is  in o cu lu m  was th e n  
s e n t  from  t h e  l a b o r a t o r y  t o  t h e  n u r s e r y  w h ere  i t  was w orked l i g h t l y  i n t o  
th e  s o i l  s u r f a c e .  Young P . cem bra s e e d l in g s  w e re  th e n  im m e d ia te ly  
t r a n s p l a n t e d  i n t o  t h e  i n o c u la te d  b e d s .
M arx & B ryan  ( l9 7 5 )  grew  P . t i n e  t o r  i u s  i n  a  p e a t - v e r m ic u l i t e - n u  t r i e n t  
medium (P .V .M . ) ,  w i th o u t  a n y  l i q u i d  c u l t u r e  s t e p .  The P.V .M . was 
i n o c u la te d  w i th  d i s c s  c u t  from  th e  edge o f  a  c o lo n y  g ro w in g  on a  M.M.N, 
a g a r  p l a t e .  T h is  P.V .M . was u s e d  to  i n o c u l a t e  fu m ig a te d  n u r s e r y  s o i l  w h ich  
was th e n  se e d e d  w ith  P . t a e d a . T h is  te c h n iq u e  h a s  s u b s e q u e n t ly  b een  u s e d  
by  o th e r  w o rk e rs  (M arx 8c A rtm an 1978; M arx, M o rr is  8c M ex al, 1 9 7 8 ) . The 
u s e  o f  v e g e t a t i v e  f u n g a l  m ycelium  a s  in o cu lu m  may b e  l i m i t e d  b y  t h e  v i a b i l i t y  
o f  t h e  c u l t u r e s  p ro d u c e d , how ever Shem ekhanova ( l 961) h a s  shown t h a t  d r i e d  
f u n g a l  c u l t u r e s  re m a in e d  v i a b l e  f o r  a t  l e a s t  20 m o n th s .
An a l t e r n a t i v e  t o  t h e  u s e  o f  v e g e t a t i v e  m ycelium  i s  t h e  u s e  o f  s p o r e s  
o r  s p o r o c a r p s .  L e v iso h n  ( l9 5 6 )  d e s c r ib e d  e x p e r im e n ts  by R ay n e r who u s e d
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s p o ro p h o re s  o f  R. l u t e o l u s  to  i n o c u l a t e  s e e d b e d s  i n  an  e x p e r im e n ta l  
n u r s e r y .  T h is  t e c h n iq u e  was a l s o  u se d  b y  D onald  ( l9 7 5 ) .  S p o ro p h o re  
in o cu lu m  i s  e s s e n t i a l l y  s p o re  in o cu lu m .
M arx , 1976; M arx & B ry an , 1975; M arx, B ryan  & C o r d e l l ,  1976 and  
M arx, M o rr is  & M exal, 1978 h a v e  u s e d  b a s id io s p o r e  inocu lum  to  i n f e c t  
fu m ig a te d  n u r s e r y  s o i l .  H ow ever, t h i s  in o cu lu m  p ro v e d  to  b e  l e s s  
e f f e c t i v e  i n  i n f e c t i n g  s e e d l in g  r o o t s  an d  c o m p e tin g  a g a i n s t  in d ig e n o u s  
m y c o r r h iz a l  f u n g i  th a n  P .V .M .. The u s e  o f  s p o r e s  o r  s p o ro c a r p s  i s  a l s o  
l i m i t e d  b y  t h e  p o s s i b i l i t y  t h a t  t h e  m o st e f f e c t i v e  m y c o r r h iz a l  f u n g i  may 
n o t  p ro d u c e  s p o ro c a r p s  c o n s i s t e n t l y .  B e s id e s  i n o c u l a t i n g  s o i l  T heodo rou  
( l 971) i n o c u l a t e d  s e e d s  o f  P . r a d i a t a  w i th  b a s id io s p o r e s  o f  R. l u t e o l u s , 
when t h e  s e e d s  g e rm in a te d  in  s t e r i l e  s o i l  m y c o r r h iz a l  f o rm a t io n  o c c u re d .
An a l t e r n a t i v e  to  t h e  i n o c u l a t i o n  o f  n u r s e r y  b ed s  i s  p ro m o tio n  o f  
m y c o rrh iz a : d e v e lo p m en t by  a l t e r a t i o n  o f  t h e  s o i l  c o n d i t i o n s ,  t h i s  was 
a l s o  c o n s id e r e d  b y  G obi & P l a t z e r  ( l 967) to  be  a  p r e r e q u i s i t e  f o r  s u c c e s s f u l  
m y c o r r h iz a l  i n o c u l a t i o n .  McComb & G r i f f i t h  ( l 946) fo u n d  t h a t  P f e r t i l i z a t i o n  
in d u c e d  f o r m a t io n  o f  m y c o r rh iz a s  on P . s t r o b u s  w i th  t h e  in d ig e n o u s  ' 
m y c o r r h iz a l  f u n g i  i n  u n in o c u la te d  p l o t s  b u t  n o t  w i th  P . m e n z i e s i i . M i t c h e l l  
a l  ( 1937 ) r e p o r t e d  t h a t  m y c o r rh iz a  d e v e lo p m en t to o k  p l a c e  r e a d i l y  i n  
u n i n o c u l a t e d ,  u n f e r t i l i z e d  n u r s e r y  b e d s ,  i n  c o m p a riso n  m y c o r r h iz a l  
d ev e lo p m en t was i n f r e q u e n t  i n  f e r t i l i z e d  b ed s  even  when th e y  w e re  
i n o c u l a t e d .  B jorkm an ( l 962) s u g g e s t s  t h a t  t h e  s u p p re s io n  o f  d e v e lo p m en t 
o f  s h e a th in g  m y c o r rh iz a s  i n  t r e e  s e e d l in g s  c a n  e a s i l y  o c c u r  th ro u g h  
e x c e s s iv e  u s e  o f  f e r t i l i z e r s .  F e r t i l i z a t i o n  s h o u ld  b e  u s e d  t o  r e l i e v e  
a  d e f i c i e n c y  r a t h e r  th a n  to  o v e r  f e r t i l i z e  t o  p ro d u c e  a  l a r g e  s e e d l i n g .  
S e e d l in g s  grown w ith  e x c e s s iv e  f e r t i l i z a t i o n  h ad  im p a ire d  m y c o r r h iz a l  
d e v e lo p m e n t, an d  grew  p o o r ly  upon  t r a n s p l a n t i n g  t o  f o r e s t  s o i l  (B jS rkm an , 
1 9 6 2 ) . M arx & B ryan  ( l9 7 5 )  fo u n d  t h a t  t h e  two p r e r e q u i s i t e s  f o r  s u c c e s s f u l  
i n o c u l a t i o n  w e re  s o i l  f u m ig a t io n  an d  m a in te n a n c e  o f  a  r e a s o n a b le  l e v e l  
o f  f e r t i l i z a t i o n .
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S in c e  Young ( l9 4 0 )  r e c o r d e d  t h a t  d i f f e r e n t  m y c o r r h iz a l  f u n g i  w ere  
u n e q u a l ly  e f f e c t i v e  i n  s t i m u l a t i n g  th e  d e v e lo p m en t o f  P , c a r i b a e a , 
c o n s id e r a b l e  d a t a  on t h e  d i f f e r e n t i a l  e f f e c t s  o f  m y c o r r h iz a l  f u n g i  h a s  
b een  a c c u m u la te d  (T a b le  3 ( a )  & ( b ) ) .  M oser ( l9 5 6 )  h a s  shown t h a t  
B o le tu s  v i s c i d u s  i s  m ore b e n e f i c i a l  to  t h e  d e v e lo p m en t o f  L a r ix  d e c id u a  
th a n  B o le tu s  e le g a n s . B e tu la  p e n d u la  and  P . a b ie s  h a v e  b een  shown to  
b e n e f i t  from  Leccinum  scabrum  b u t  n o t  from  A. m u s c a r ia  o r  S u i l l u s  b o v in u s .
The p o t  e x p e r im e n ts  o f  Bowen & T heodorou  ( l9 6 7 )  h a v e  shown t h a t  s e e d l i n g s  
i n o c u la te d  w i th  g r a n u la tu s  and  R. l u t e o l u s  w ere  l a r g e r  and  u t i l i z e d  
ro c k  p h o s p h a te  m ore e f f e c t i v e l y  th a n  t h o s e  i n o c u l a te d  w i th  S u i l l u s  l u t  e u s  
and  C. g eo p h ilu m  w h ich  w ere  n o t  s u p e r i o r  to  th e  c o n t r o l .  D i f f e r e n t i a l  
e f f e c t s  o f  d i f f e r e n t  m y c o r r h iz a l  f u n g i  w ere  a l s o  r e c o r d e d  by K rangauz  ( l 9 6 7 ) ,  
Lamb & R ic h a rd s  ( l 9 7 l ) ,  L e v iso h n  ( i9 6 0 ) ,  M arx & A rtm an (1 9 7 8 ) , M e js tF ik
( 1978 ) ,  T heodorou  & Bowen ( l 970) an d  Vozzo 8c H a c sk a y lo  ( l 9 7 1 ) . Shem ekhanova 
( 1961 ) fo u n d  t h a t  t h e  e f f e c t i v n e s s  o f  m y c o r r h iz a l  f u n g i  v a r i e d  w i th  s o i l  
ty p e ,  _S. b o v in u s , _S. l u t  e u s , S c le ro d e rm a  v e rru c o su m  an d  C. g eo p h ilu m  w e re  
t h e  m o st e f f e c t i v e  f u n g i  f o r  p in e  and  A m an ita  r u b e s c e n s , A. m u s c a r ia .
B o le tu s  su b to m e n to s u s  t o g e t h e r  w i th  u n i d e n t i f i e d  i s o l a t e s  from  oak  m y c o r r h iz a s  
w ere  m o st e f f e c t i v e  f o r  o a k . D i f f e r e n c e s  i n  e f f e c t i v n e s s  h a v e  a l s o  b e e n  
r e c o r d e d  b e tw een  d i f f e r e n t  s t r a i n s  o f  t h e  sam e s p e c i e s .  L e v iso h n  ( l9 5 9 )  
n o te d  d i f f e r e n c e s  i n  e f f e c t  o f  s t r a i n s  o f  L, scabrum  on s e e d l i n g  g ro w th  
a s  w e l l  a s  p h y s io l o g i c a l  d i f f e r e n c e s  i n  c u l t u r e .  T heodorou  & Bowen ( l9 7 0 )  
r e c o r d e d  a  d i f f e r e n c e  i n  e f f e c t i v n e s s  b e tw e en  f o u r  s t r a i n s  o f  R. l u t e o l u s  
(T a b le  3 ( a )  & ( b ) ) .  T h e re  may a l s o  be  d i f f e r e n c e s  d u e  to  r a c e s  o f  t h e  
same s p e c i e s .  L u n d eb erg  ( l9 7 0 )  d e s c r ib e d  s t r a i n s  o f  B. su b to m e n to s u s  
and  L a ih o  ( 1*970) s t r a i n s  o f  P . in v o lu tu s  t h a t  w ere  n o n - m y c o r rh iz a l  a n d  
m y c o r r h iz a l .  L e v iso h n  ( l9 5 6 )  h a s  d e m o n s tra te d  b e n e f i c i a l  i n f l u e n c e  o f  
m y c o r r h iz a l  f u n g i  w i th o u t  m y c o r rh iz a  f o r m a t io n ,  L u n d eb erg  ( l9 7 0 )  n o te d  
a  s i m i l a r  e f f e c t  o f  a  s t r a i n  o f  B. s u b to m e n to s u s . T h is  v a r i a t i o n  i n  
e f f e c t  o f  d i f f e r e n t  s t r a i n s  t o g e t h e r  w i th  d i f f e r e n t  e x p e r im e n ta l  
c o n d i t io n s  c o u ld  a c c o u n t  f o r  some o f  t h e  anom alous r e s u l t s  r e c o r d e d  in  
t h e  l i t e r a t u r e .  L und eb erg  ( l9 6 7 )  r e p o r t e d  t h a t  P . in v o lu tu s  s u p p re s s e d  
s e e d l in g  g ro w th  w h i le  L a ih o  ( l9 7 0 )  showed t h a t  i t  im proved  e s ta b l i s h m e n t  
and  s u b s e q u e n t  g row th  o f  in o c u la te d  p in e  s e e d l i n g s .
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The n e e d  f o r  c a r e f u l  a s s e s s m e n t  o f  t h e  r e q u ir e m e n t  f o r  m y c o r r h iz a l  
i n o c u l a t i o n  was h i g h l i g h t e d  by  T heodorou  & Bowen ( l9 7 0 ) .  I n o c u la te d  
s e e d l in g s  w ere  t r a n s p l a n t e d  to  a  s i t e  n e a r  a  f o r e s t  p l a n t a t i o n , t h e r e  was 
no s i g n i f i c a n t  d i f f e r e n c e  in  s e e d l in g  h e ig h t  be tw een  in o c u la te d  and  
u n in o c u la te d  s e e d l i n g s  p r o b a b ly  du e  to  th e  fo rm a tio n  o f  m y c o r rh iz a s  w i th  
t h e  u n in o c u la te d  s e e d l i n g s  by  th e  in d ig e n o u s  m y c o r r h iz a l  p o p u la t io n .
However m ost i n o c u l a t i o n  i s  c a r r i e d  o u t  w i th  t h e  v iew  o f  a f f o r e s t i n g  a r e a s  
w hich  h a v e  n e v e r  b o r n e  t r e e s  o r  h a v e  been  t r e e l e s s  f o r  a  lo n g  p e r io d  o f  
t im e . The u s e  i n  i n o c u l a t i o n  o f  a  fu n g u s  knovm to  form  m y c o r rh iz a s  u n d e r  
c e r t a i n  c o n d i t i o n s  i s  no  g u a r a n te e  o f  a  b e n e f i c i a l  e f f e c t  on t h e  t r e e  b y  
th e  fu n g u s  i n  a n o th e r  e n v iro n m e n t (L e v iso h n , 1957b). The s e l e c t i o n  o f  
m y c o r r h iz a l  f u n g i  a d a p te d  to  th e  c o n d i to n s  i n t o  w h ich  th e  s e e d l i n g  i s  t o  
be  p l a n t e d  i s  e s s e n t i a l  f o r  a  s u c c e s s f u l  i n o c u l a t i o n  program m e. T h is  i s  
e s p e c i a l l y  t r u e  o f  a d v e r s e  e c o lo g ic a l  s i t e s  e .g .  th o s e  w ith  h ig h  an d  low  
te m p e r a tu r e s ,  t o y i c i t y  and  d ro u g h t .
M oser ( l9 5 6 ,  1958 , 1962 , 1967) in o c u la te d  P . cem bra i n  n u r s e r i e s  w i th  
p lo r a n s  i n  s u c c e s s f u l  a t t e m p ts  t o  a f f o r e s t  a r e a s  ab o v e  th e  p r e s e n t  
t im b e r l i n e  i n  s u b a lp in e  f o r e s t s  i n  A u s t r i a .  p lo r a n s  i s  m ore e c o l o g i c a l l y  
a d a p te d  th a n  o t h e r  s p e c i e s  to  t h i s  e n v iro n m e n t.
Schramm ( l9 6 6 )  w o rk in g  on th e  p l a n t  c o l o n i z a t i o n  o f  a n t h r a c i t e  
w a s te s  c o n c lu d e d  t h a t  e a r l y  m y c o rrh iz a . d ev e lo p m en t was e s s e n t i a l  f o r  
s e e d l in g  e s t a b l i s h m e n t .  The o n ly  g e n e r a l l y  s u c c e s s f u l  o r i g i n a l  p l a n t  
c o lo n i z e r s  o f  t h e  a n t h r a c i t e  w a s te s  w ere  e i t h e r  p l a n t s  w i th  n i t r o g e n  
f i x i n g  c a p a b l i l i t i e s  o r  c e r t a i n  m y c o r r h iz a l  t r e e  s p e c i e s .  S e e d l in g s  from  
e i t h e r  w indblow n o r  a r t i f i c a l l y  p l a n t e d  s e e d  o f  P in u s  s p e c ie s  t h a t  d id  
n o t  h a v e  m y c o r rh iz a s  w ere  c h l o r o t i c  and  soon  d i e d .  The m a j o r i t y  o f  s u r v i v i n g  
s e e d l in g s  and  e s p e c i a l l y  th o s e  g row ing  w e l l  w ere  m y c o r r h iz a l .  The m ain  
b a s id io m y c e te  s p o ro c a r p s  o b s e rv e d  n e a r  th e  s u r v iv in g  t r e e  s e e d l i n g s  w ere  
In o c y b e  l a c e r a , T. t e r r e s t r i s , P . t i n e t o r i u s , A. ru b e s c e n s  and  a u r a n t iu m . 
M eyer ( l  9.73) r e c o r d e d  th e  f o rm a tio n  o f  m y c o r rh iz a s  b y  S^ . a u ra n t iu m  and  
P . t i n e t o r i u s  w i th  t r e e  s e e d l in g s  g row ing  on m in e  w a s te s .  Schramm (1 966 ) 
a s s o c i a t e d  P . t i n e t o r i u s  w i th  th e  m ost v ig o r o u s l y  g row ing  s e e d l i n g s  an d  i n
28
m ost c a s e s  o b s e rv e d  i t  a s  t h e  f i r s t  f u n g a l  sy m b io n t to  a p p e a r  on 
s e e d l i n g  r o o t s .  M arx, B ryan & D avey ( l9 7 0 )  fo u n d  t h a t  P . t i n e t o r i u s  
fo rm ed  m ore m y c o r rh iz a s  w ith  P . ta e d a  s e e d l in g s  a t  a  c o n s ta n t  s o i l  
t e m p e r a tu r e  o f  34° th a n  i t  fo rm ed  a t  1 4 ° , 1 9 ° , 24° o r  2 9 ° . T. t e r r e s t r i s  
d id  n o t  fo rm  m y c o r rh iz a s  w ith  P . t a e d a  s e e d l in g s  a t  3 4 ° , i t  fo rm ed  m ore 
a t  1 4 ° , 19° and  24° th a n  i t  d id  a t  2 9 ° . M arx & B ryan  ( l 9 7 l )  fo u n d  t h a t  
P . t a e d a  s e e d l in g s  w ith  P . t i n e t o r i u s  m y c o r rh iz a s  s u rv iv e d  an d  grew  a s  
w e l l  a t  4 0 °  a s  t h e y  d id  a t  2 4 ° , w h e re as  s e e d l in g s  w ith  T. t e r r e s t r i s  
m y c o r rh iz a s  o r  w i th o u t  m y c o r rh iz a s  d id  n o t  s u r v iv e  a t  4 0 ° .  M arx ( l9 7 '5 a )  
h a s  fo u n d  P . t i n e t o r i u s  t o  b e  p ré d o m in e n t on t h e  r o o t s  o f  P in u s  and  
B e tu la  s p p . on a  num ber o f  c o a l  and  s h ip  m ined  K a o lin  w a s te  s i t e s .  
C h e v a l ie r ,  C lam en t, G arb ay e , L e ta c o n  & M ousain  ( l9 7 6 )  h a v e  shown t h a t  
c a lc iu m  c a r b o n a te  t o l e r ^ c e  b y  P in u s  n i g r a  n i g r i c a n s  i s  due  t o  i t s  
s h e a th in g  m y c o r r h iz a l  f u n g i .  T h is  t o l e r a n c e  can  b e  c o n fe r e d  to  o th e r  
m ore s e n s i t i v e  p in e s  e .g .  P in u s  p i n a s t e r  when th e y  a r e  i n  a s s o c i a t i o n  
w ith  t h e  c o r r e c t  fu n g u s .
As w e l l  a s  i n c r e a s i n g  e s ta b l i s h m e n t  and  g ro w th  on d i f f i c u l t  s i t e s ,
M arx, B ryan  & C o r d e l l  ( l9 7 7 )  fo u n d  t h a t  P . t i n c t o r i u s  in c r e a s e d  th e  
s u r v i v a l  and  g row th  o f  f i v e  P in u s  sp p . on a  v a r i e t y  o f  r e a f f o r e s t a t i o n  
s i t e s  i n  c o m p a riso n  to  n a t u r a l l y  o c c u r in g  n u r s e r y  s h e a th in g  m y c o r r h iz a l  
f u n g i ,  u s u a l l y  T. t e r r e s t r i s . . H ow ever, on t h e  b e t t e r  s i t e s ,  t h e  in d ig e n o u s  
s y m b io t ic  f u n g i  a l s o  fo rm ed  s i g n i f i c a n t  q u a n t i t i e s  o f  s h e a th in g  m y c o r r h iz a s .  
M ik o la  ( 1965 ) o b s e r v e d -  t h a t  th e  m y c o r rh iz a s  fo rm ed  u n d e r  n u r s e r y  c o n d i t i o n s  
w ere  r e p l a c e d  by  d i f f e r e n t  m y c o r rh iz a s  upon t r a n s p l a n t i n g .  B enecke &
GObl ( 1974 ) fo u n d  t h a t  t h e  f u n g i  w h ich  o r i g i n a l l y  fo rm ed  m y c o r rh iz a s  
on s e e d l i n g s  d id  n o t  d e v e lo p  f u r t h e r  when t h e  e d a p h ic  e n v iro n m e n t was 
ch a n g ed . The f u n g i  from  th e  n u t r i e n t - r i c h  n u r s e r y  s o i l  w e re  r e p l a c e d  by  
o th e r  s p e c i e s  from  t h e  r e l a t i v e l y  p o o r s o i l  o f  t h e  t r a n s p l a n t  s i t e .
R e p lacem en t o f  one  m y c o r r h iz a l  fu n g u s  by  a n o th e r  h a s  been  o b s e rv e d  .b y  
M arks & F o s t e r  ( l9 6 7 )  to  o c c u r  i n  t h e  f o r e s t  and  by  Thomas & J a c k s o n  ( l9 7 9 )  
i n  th e  n u r s e r y .  The f u n g a l  s p e c ie s  m ost e c o l o g i c a l l y  a d a p te d  f o r  a  p a r t i c u l a r  
s o i l / t r e e  c o m b in a tio n  w i l l  e v e n tu a l l y  d o m in a te  t h e  r o o t  sy s te m  i f  i t  i s  
p r e s e n t  i n  t h e  in d ig e n o u s  f u n g a l  p o p u la t io n .  I n  c o m p arin g  r e s p o n s e s  o f  a  
t r e e  t o  d i f f e r e n t  m y c o r r h iz a l  f u n g i ,  one  s h o u ld  rem em ber t h a t  t h e  n o rm a l 
h o s t  in  n a t u r e  h a s  many d i f f e r e n t  m y c o r r h iz a s .  S i n c l a i r  ( l9 7 4 )  fo u n d
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t h a t  P . m e n z ie s i i  s e e d l in g s  in  n u r s e r y  b ed s  qreW b e t t e r  w i th  two f u n g i  
fo rm in g  m y c o r rh iz a s  th a n  o n e . The s e l e c t i o n  o f  m y c o r r h iz a l  f u n g i  to  be 
u se d  in  a n y  i n o c u l a t i o n  program m e m ust s a t i s f y  th e  f o l lo w in g  p o i n t s î -
1 . P r a c t i c a l  and  e c o n o m ica l p r o d u c t io n  o f  s u f f i c i e n t  q u a n t i t i e s  
o f  in o cu lu m ;
2 . C o r r e c t  c h o ic e  o f  m y c o r r h iz a l  fu n g u s  o r  f u n g i  f o r  th e  
t r a n s p l a n t  a r e a  an d  t r e e  s p e c i e s .
Some o f  th e  f a c t o r s  w h ich  may h a v e  to  be c o n s id e r e d  in  t h i s  l a s t  p o in t  
in c lu d e  p H , t o l e r a n c e ,  t e m p e ra tu re  t o l e r a n c e ,  d ro u g h t t o l e r a n c e  and  
n u t r i e n t  u p ta k e .  Bowen ( l9 6 8 )  s u g g e s te d  s e l e c t i n g  f u n g i  w h ich  p ro d u c e  
m y c e l ia l  c o r d s ,  th u s  i n c r e a s i n g  th e  n u t r i e n t  u p ta k e  a b i l i t y  o f  th e  
m y c o r rh iz a .  T h is  m y c e l ia l  c o rd  f o rm a tio n  i s  d e p e n d e n t upon s o i l  ty p e  
( s k in n e r  & Bowen, 1 9 7 4 b ) . T rap p e  ( l9 7 7 )  s u g g e s t s  t h e  u s e  o f  i n  v i t r o  
s c r e e n in g  o f  m y c o r r h iz a l  f u n g i  f o r  s e l e c t i o n  o f  s u i t a b l e  c h a r a c t e r s .  
A lth o u g h  t h i s  can  b e  u s e d  to  d e te rm in e  g row th  r a t e s  on a v a i l a b l e  m e d ia , 
th e  s u g g e s t io n  t h a t  i t  s h o u ld  a l s o  be  u s e d  to  s c r e e n  f o r  t h e  p r o d u c t io n
o f  enzym es an d  a n ta g o n ism  a g a i n s t  s e l e c t e d  p a th o g e n s  m u st b e  v iew e d  w i th~7 '
t h e  know led g e  t h a t  t h e  p h y s io lo g y  o f  t h e  s y m b io t ic  fu n g u s  i n  v i t r o  may 
w e l l  be  v e r y  d i f f e r e n t  t o  t h a t  i u  v iv o . Bowen & T heodorou  ( l 979) h a v e  
shown t h a t  t h e  u s e f u l n e s s  o f  v i t r o  s t u d i e s  o f  b a c t e r i a  an d  m y c o r r h iz a l  
f u n g i  i n t e r a c t i o n s  i s  e x tre m e ly  q u e s t io n a b le  and  i n t e r a c t i o n s  i n  t h e  
r h iz o s p h e r e  i t s e l f  m ust be  s tu d i e d .  From th e s e  s t u d i e s  Bowen & T heodorou
( l 979) s u g g e s t  t h a t  m y c o r r h iz a l  f u n g i  u s e d  f o r  i n o c u l a t i o n  m u st be
c o m p a t ib le  w i th  t h e  s o i l  m ic r o f l o r a  o f  t h e  t r a n s p l a n t  s i t e .
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C hapter 7 M ycorrh izas o f  n u r se r y  s e e d l in g s
I n  t h e  i n o c u l a t i o n  o f  n u r s e r y  se e d b e d s  i t  h a s  o f t e n  been  n e c e s s a r y  
to  p a r t i a l l y  s t e r i l i z e  t h e  s o i l  i n  a n  a t te m p t  t o  rem ove t h e  in d ig e n o u s  
m y c o r r h iz a l  f u n g i  t h a t  may com pete  w ith  t h e  i n o c u la te d  f u n g i .  B e fo re  
an y  i n o c u l a t i o n  program m e i s  c o n s id e r e d  i t  w ould  be  b e n e f i c i a l  to  
d e te r m in e  t h e  in d ig e n o u s  m y c o r r h iz a l  f u n g i  p r e s e n t  i n  t h e  n u r s e r y .  I f  
th e s e  m y c o r rh iz a s  c a n  b e  shown to  p e r s i s t  upon  t r a n s p l a n t i n g  and  b e n e f i t  
t h e  t r a n s p l a n t ,  i t  may be  e a s i e r  to  a l t e r  t h e  so j.1  c o n d i t io n s  o f  t h e  
n u r s e r y  t o  e n c o u ra g e  d e v e lo p m en t o f  t h e  in d ig e n o u s  m y c o r r h iz a l  r a t h e r  
th a n  t o  i n o c u l a t e  w i th  o th e r  f u n g i .  T hese  “in d ig e n o u s  f u n g i  may b e  a d a p te d  
to  th e  n u r s e r y  s o i l  o r  th e  p h y s io l o g i c a l  c o n d i t io n s  o f  th e  s e e d l i n g .
M oser ( l 962) s u g g e s t s  t h a t  young t r e e s  may h a v e  d i f f e r e n t  m y c o r r h iz a l  
a s s o c i a t i o n s  th a n  m a tu re  f o r e s t  t r e e s .
L e v iso h n  (1965 ) w o rk in g  w ith  n u r s e r y  grown P ic e a  s i t c h e n s i s  r e c o r d e d  
m y c o r rh iz a  f o r m a t io n  by  S_. b o v in u s , R. l u t e o l u s , P . i n v o l u t u s , _S. 
a u ra n t iu m  and  g e o p h ilu m . In  a d d i t i o n  " p se u d o m y c o rrh iz a s "  w ere  fo rm ed  
b y  M ycelium  r a d i c i s  a t r o v i r e n s  and  R h iz o c to n ia - l i k e  m y c e l ia .  T h ese  
l a t t e r  m y c o r rh iz a s  w e re  d e s c r ib e d  b y  L e v iso h n  (1954) a s  b e in g  a b e r r a n t  
r o o t  i n f e c t i o n s  c h a r a c t e r i s e d  b y  t h e  a b s e n c e  o f  a  s h e a th  an d  t h e  p r e s e n c e  
o f  a  v e r y  c o a r s e  i n t e r c e l l u l a r  n e t .  M ik o la  (1 965 ) r e g a r d s  t h e s e  . 
m y c o r rh iz a s  a s  b e in g  fo rm ed  b y  s t r a i n s  o f  t h e  sam e f u n g u s ,  t h e  * E - s t r a in *  
f u n g u s ,  t h a t  fo rm s  s h e a th in g  m y c o r rh iz a s  w i th  e x te n s iv e  i n t r a c e l l u l a r  
h y p h ae  i n  t h e  c o r t i c a l  c e l l s  ( e c te n d o m y c o rrh iz a s )  w i th  n u r s e r y  grown 
p in e ,  an d  n o rm a l s h e a th in g  m y c o r rh iz a s  w i th  s p r u c e .  L e v iso h n  ( l9 5 4 ,  1 9 6 5 ) , 
L a ih o  ( 1965 ) an d  W ilcox  ( l 9 7 l )  h a v e  fo u n d  m y c o r rh iz a s  fo rm ed  b y  t h e  
* E - s t r a in *  f u n g i  t o  be  common in  many n u r s e r i e s  th r o u g h t  th e  w o r ld .
W ilc o x , Ganmore-Neumann & Wang ( l9 7 4 )  h a v e  i s o l a t e d  an  * E ^ s tra in *  f u n ^ s  
from  n u r s e r y  s e e d l i n g s  o f  P . r e s i n o s a  a s  w e l l  a s  a  C h lo r id iu m  s p .  w h ich  
a l s o  fo rm ed  s h e a th in g  m y c o r rh iz a s  w ith  i n t r a c e l l u l a r  h y p h a e . A lth o u g h  
th e  * E - s t r a in *  f u n g i  may b e  t h e  d o m inan t m y c o r r h iz a l  f u n g i  i n  t h e  n u r s e r y  
th e y  a r e  r e a d i l y  r e p l a c e d  upon  t r a n s p l a n t i n g  an d  i n  t h e  n u r s e r y  b y  o t h e r  
f u n g i  (M ik o la , 1965; Thomas & J a c k s o n , 1 9 7 9 ) .
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F a s s i  & V e c c h i ( l9 6 2 )  and  F a s s i  & F o n ta n a  ( l9 6 6 )  h a v e  d e s c r ib e d  
m y c o r rh iz a s  fo rm ed  be tw een  n u r s e r y  grown P . s t r o b u s  and  Amphinema 
b y s s o id e s . B o le tu s  s p . ,  H ebelom a h i a n a l e , H. m esophaeum , L. l a c c a t a ,
T. t e r r e s t r i s . T uber m acu latum  to g e t h e r  w i th  an  u n i d e n t i f i e d  m y c o r r h iz a .
Zak & B ryan  ( l9 6 3 )  r e c o r d e d  th e  p r e s e n c e  o f  R. l u t e o l u s  and L. l a c c a t a  
w i th  n u r s e r y  P . e l l i o t t i i  v a r  e l l i o t t i i  an d  R h izopogon  s p .  w i th  P in u s  
p a l u s t r i s . T ra p p e  & S t r a n d  ( l9 6 9 ) ,  w o rk in g  in  a  n u r s e r y  w h ich  e x h ib i t e d  
m y c o r r h iz a l  d e f i c i e n c y ,  r e c o r d e d  th e  p r e s e n c e  o f  s p o ro c a rp s  o f  
H. c r u s t u l i n i f o r m e , L. l a c c a t a , In o c y b e  l a c e r a  and  T. t e r r e s t r i s  i n  th e  
th e  v i c i n i t y  o f  v ig o ro u s  P . m e n z ie s i i  s e e d l i n g s .  l a c t i f l u a  h a s  been  
o b s e rv e d  to  fo rm  s h e a th in g  m y c o r rh iz a s  w i th  a  num ber o f  P in u s  s p p .
( P a s s i ,  1965 ; F a s s i ,  F o n ta n a  & T ra p p e , 1 9 6 9 ) . Thomas & J a c k s o n  ( l9 6 9 )  
w o rk in g  w i th  n u r s e r y  grown P . s i t c h e n s i s  h a v e  d e s c r ib e d  m y c o r rh iz a s  fo rm ed  
by T . t e r r e s t r i s , L. l a c c a t a , two c u l t u r a l l y  d i s t i n c t i v e  E - s t r a i n  f u n g i ,  
two u n i d e n t i f i e d  b a s id io m y c e te s  and  an  u n i d e n t i f i e d  s e p t a t e  fu n g u a .
T h e re  a p p e a r s  t o  b e  a- g roup  o f  m y c o r r h iz a l  f u n g i  c a p a b le  o f  i n f e c t i n g  
young t r e e  s e e d l i n g s  u n d e r  n o rm a l n u r s e r y  c o n d i t i o n s .  Of t h e s e  L . l a c c a t a  
and  T. t e r r e s t r i s  w ere  c o n s id e r e d  by M ik o la  970) to  b e  u b i q u i t o u s  
f a c u l t a t i v e  m y c o r rh iz a  fo rm s w hich  a r e  p r o b a b ly  t h e  f i r s t  f u n g i  t o  i n f e c t  
e x o t i c  c o n f i e r s ,  u n t i l  m ore s p e c i f i c  sy m b io n ts  a r e  i n t r o d u c e d .  T. t e r r e s t r i s  
a p p e a r s  t o  b e  one  o f  t h e  f i r s t  c o l o n i z e r s  o f  new n u r s e r y  s i t e s  an d  *
p re d o m in a te s  i n  m any n u r s e r i e s .  Zak & M arx ( l 964) c o n s id e r  t h a t  l a t e r  
i t  i s  r e p l a c e d  by  o th e r  f u n g i .  However some o f  t h e s e  i n i t i a l  c o l o n i z e r s  
h a v e  b e e n  shown to  p e r s i s t  and  h a v e  been  fo u n d  i n  m a tu re  s ta n d s  (T ra p p e  
1 9 6 2 ) .
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C h a p te r  8 The s h e a th in g  m y c o r rh iz a s  o f  P ic e a  s i t c h e n s i s  (B o n g .)  C a r r
" P . s i t c h e n s i s  i s  th e  m ain  f o r e s t  t r e e  o f  w e s te rn  B r i t a i n ,  p l a n t e d  
b y  t h e  h u n d re d  m i l l i o n  s in c e  1920" ( M i t c h e l l ,  1 9 7 4 ) . The num ber o f  
s t u d i e s  on th e  s h e a th in g  m y c o r rh iz a  o f  t h i s  a b u n d a n t and  im p o r ta n t  t r e e  
a r e  few . I n  1923 L a in g  n o te d  t h a t  a  m a c ro s c o p ic  i n s p e c t io n  o f  t h e  r o o t s  
o f  P . s i t c h e n s i s  f o r  m y c o r rh iz a s  was n o t  a lw a y s  a  r e l i a b l e  m ethod  o f  
d e t e c t i o n .  L e v iso h n  ( l9 6 5 )  c o n s id e r e d  t h a t  th e  p r e s e n c e  o f  m y c o r r h iz a l  
a s s o c i a t i o n s  o f  P . s i t c h e n s i s  i s  n o t  a lw ay s  a p p a re n t  from  th e  e x t e r n a l  
a p p e a ra n c e  o f  t h e  r o o t  s y s te m . T h e r e f o r e  m ic r o s c o p ic  e x a m in a t io n  i s  
n e c e s s a r y  t o  d e te r m in e  b o th  th e  p r e s e n c e  an d  ty p e  o f  a  m y c o r r h iz a .  R ayner 
& L e v iso h n  ( l 9 4 l )  o b s e rv e d  t h a t  n o r m a l ly  t h e  w ho le  o f  t h e  s h o r t  r o o t  sy s tem  
i s  m y c o r r h iz a l ,  t h e  i n d i v i d u a l  m y c o r r h iz a i s u s u a l ly  c l e a r  b row n, p lum p , and  
o f  u n ifo rm  d ia m e te r .  Some m y c o r rh iz a s  w e re  a t t a c k e d  b y  M. r a d ic is  a t r o v i r e n s  
o r  o th e r  s o i l  f u n g i .  I n v a s io n  o f  r o o t l e t s  an d  lo n g  r o o t s  by  m ycelium  o f  a  
R h iz o c to n ia - l i k e  fu n g u s  w ere  w id e s p re a d  i n  n u r s e r y  m a t e r i a l .  L e v iso h n  ( l9 6 5 )  
l i s t s  f i v e  f u n g i  a s  fo rm in g  " t r u e  m y c o r rh iz a s "  w i th  n u r s e r y  grown P . 
s i t c h e n s i s , a n d  two fo rm in g  " p s e u d o m y c o rrh iz a s " . The l a t t e r  w e re  d e s c r ib e d  
b y  L e v iso h n  ( l9 5 4 )  a s  b e in g  a b e r r a n t  r o o t  i n f e c t i o n s  c h a r a c t e r i s e d  b y  th e  
b ead ed , a p p e a ra n c e  o f  th e  r o o t ,  t h e  a b s e n c e  o f  a  s h e a th  and  t h e  p r e s e n c e  
o f  a  v e r y  c o a r s e  i n t e r c e l l u l a r  n e t .  M ik o la  ( l9 6 5 )  r e g a r d s  t h e s e  m y c o r rh iz a s  
a s  b e in g  fo rm ed  by  s t r a i n s  o f  t h e  * E - s t r a in *  f u n g i .  T h e s e  f u n g i  fo rm  
s h e a th in g  m y c o rrh iz a s^ R a v e  e x te n s iv e  i n t r a c e l l u l a r  h y p h ae  w i th  n u rs e ry -g ro w n  
p in e  and  s h e a th in g  m y c o r rh iz a s  w ith o u t  e x te n s iv e  i n t r a c e l l u l a r  h y p h a e  w i th  
s p r u c e .  Thomas & J a c k s o n  ( l9 7 9 )  h a v e  d e s c r ib e d  in  d e t a i l  s e v e n  m y c o r rh iz a s  
o f  n u r s e r y  grown s i t c h e n s i s . Of t h e s e  f o u r  w e re  fo rm ed  by  T, t e r r e s t r i s , 
_L, l a c c a t a  a n d  two E - s t r a i n  f u n g i .
T h e re  i s  l i t t l e  p u b l is h e d  in f o r m a t io n  a b o u t  t h e  m y c o r r h iz a l  
a s s o c i a t i o n s  o f  m a tu re  P . s i t c h e n s i s . T rap p e  ( l9 6 2 )  l i s t s  t h e  f o l lo w in g  
f u n g i  a s  fo rm in g  m y c o r rh iz a s  w i th  s i t c h e n s i s : -
A m an ita  m u s c a r ia , p a n t h e r i n a , v a g i n a t a ;
B o l e t e l l u s  z e l l e r i ; .
B o le tu s  e d u l i s ;
C a n th a r e l l u s  c i b a r i u s ;
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Cenococcum  g e o p h ilu m ;
C o r t i n a r i u s  c r o c e o f o lu s , d e c o la r a u s ;
L a c c a r ia  l a c c a t a ;
L a c t a r iu s  d e l i c i o s u s , s u b s t r i a t u s ;
R h izopogon  l u t e o l u s ;
R u s s u la  d e l i c a , e m e t ic a , f o e t e n s , n i g r i c a n s , v e s i c a t o r i a , 
x e r a m p e l in a ;
S u i l l u s  p i p e r a t u s ;
T r ic h o lo m a  im b r ic a tu m .
The m a j o r i t y  o f  t h e s e  m y c o r r h iz a l  a s s o c i a t i o n s  were b a s e d  upon th e  
o b s e r v a t io n  o f  t h e  r e g u l a r  o c c u r r e n c e  o f  s p o ro c a r p s  w i th in  t h e  v i c i n i t y  
o f  P . s i t c h e n s i s  s t a n d s .  A le x a n d e r  ( l 9 7 l )  u s e d  i s o l a t e s  o b ta in e d  from  
b a s id io m y c e te  s p o ro c a r p s  and  m y c o r rh iz a s  o f  m a tu re  ,P . s i t c h e n s i s  to  
s y n th e s i s e  a s e p t i c a l l y  m y c o r r h iz a s .  Both L a c t a r iu s  r u f u s  and  
C. g eoph ilum  fo rm ed  m y c o r r h iz a s .
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MATERIALS AND METHODS 
C h a p te r  9 C h a r a c t e r i s a t i o n  o f  P ic e a  s i t c h e n s i s  s h e a th in g  m y c o r rh iz a s
9 .1  C o l l e c t i o n  o f  s h e a th in g  m y c o r rh iz a s
. P . s i t c h e n s i s  s e e d l in g s  and  t r a n s p l a n t s  w e re  o b ta in e d  a t  a p p ro x im aW y  
two m onth i n t e r v a l s  th ro u g h o u t  t h e  two y e a r  p e r i o d ,  O c to b e r  1975 to  
O c to b e r  1977 , from  t h e  F o r e s t r y  Com m ission E x p e r im e n ta l  N u rs e ry  a t  
B ordon in  H am p sh ire . T hese  w ere  rem oved from  t h e  n u r s e r y ,  t o g e t h e r  w i th  
t h e  s u r r o u n d in g  s o i l ,  and  t r a n s p o r t e d  im m e d ia te ly  t o  th e  l a b o r a t o r y .  
L a t e r a l  r o o t s  w e re  th e n  d i s s e c t e d  from  th e  m ain  r o o t  a x i s  and  c a r e f u l l y  
w ashed  w ith  a  j e t  o f  c o ld  ta p  w a te r .
9 .2  L ig h t  m ic ro s c o p y
R e p r e s e n t a t i v e  m y c o r rh iz a s  w ere  m ounted  i n  w a te r  i n  a  P e t r i  d i s h  
and  c h a r a c t e r i s e d  u s in g  a  X20 N ikon s t e r e o s c o p i c  m ic ro s c o p e . F u r th e r  
m ic r o s c o p ic  c h a r a c t e r i s t i c s  w ere  o b ta in e d  by  e x a m in a tio n  o f  r o o t  s e c t i o n s  
and  r o o t  s q u a s h e s .  T r a n s v e r s e  s e c t i o n s  o f  m y c o r rh iz a s  w e re  p r e p a r e d  
u s in g  a  M .S .E . h an d  o p e r a te d  f r e e z i n g  m ic ro to m e . I n d iv i d u a l  m y c o r rh iz a s  
w ere  m oun ted  on t h e  m ic ro to m e  s t a g e  i n  a  1:1 m ix tu re  o f  G u n ’ s  m ic ro to m e  
gum a p a th y  an d  w a te r .  S e c t io n s  a p p ro x im a te ly  7 t h i c k  w ere  c u t  th e n  
t r a n s f e r e d ,  w i th  a  P a s te u r  p i p e t t e ,  from  th e  m ic ro to m e  to  a  g l a s s  s l i d e  
and  m ounted  i n  l a c to p h e n o l .  R oot s q u a sh e s  w ere  m ounted  i n  l a c t o f u c h s i n .  
The s e c t i o n s  an d  s q u a s h e s  w ere  exam ined  u s in g  a  L e i t z  L a b o r lu x  m ic ro s c o p e .
9 .3  T ra n s m is s io n  e l e c t r o n  m ic ro sc o p y
M y c o rrh iz a s  w ere  f i x e d  i n  4 - 5 % ( ^ v )  g lu ta r a ld e h y d e  w i th  0.2M  sod ium  
c a c o d y la te  b u f f e r  (pH 7* 2) f o r  2 -5  h . They w ere  th e n  w ashed i n  b u f f e r
f o llo w e d  by  t h r e e  c h a n g e s  o f  b u f f e r  i n  1 h , and  p o s t - f i x e d  i n  1% (^ /v )
osmium t e t r o x i d e  w ith  b u f f e r  f o r  4 h .  T h is  f i x a t i o n  was c a r r i e d  o u t  a t  
4 ° .  The m y c o r rh iz a s  w ere  t r a n s f e r e d  to  b u f f e r ,  a t  room te m p e r a tu r e ,  and  
w ashed  w i th  t h r e e  c h a n g e s  o f  b u f f e r  i n  1 h .  T h is  was fo llo w e d  by
d e h y d r a t io n  th ro u g h  a  g ra d e d  s e r i e s  o f  e th a n o l  a n d  a c e to n e  (A p p en d ix  l ) .
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The m y c o r rh iz a s  w e re  t r a n s f e r e d  to  a  50/ 5O m ix tu r e  o f  th e  h a rd  f o r m u la t io n  
o f  S p u r r ’ s  ( l9 6 9 )  r e s i n  ( T a b le  4 ) and  a c e to n e ,  1 ml o f  e a c h , and  a g i t a t e d  
on a  s lo w  m oving  f l a s k  s h a k e r  f o r  20 m in . A f u r t h e r  1 m l o f  r e s i n  was 
ad d ed  an d  th e  sp e c im en s  w ere  a g i t a t e d  f o r  20 m in . A f i n a l  1 ml was ad d ed  
an d  t h e  sp e c im en s  w ere  a g i t a t e d  o v e r n ig h t .  The r e s i n  a c e to n e  m ix tu re  
was p o u re d  o f f  and  2 m l o f  r e s i n  was added  and  t h e  sp e c im en s  w ere  a g i t a t e d  
f o r  a t  l e a s t  12 h .  The r e s i n  was p o u re d  o f f  and  th e  sp e c im en s  w ere  p la c e d  
i n  5 mm deep  p l a s t i c  d i s h e s  c o n ta in in g  f r e s h  r e s i n  w hich  was th e n  c u re d  
o v e r n ig h t  a t  7 0 ° .
T a b le  4  S p u r r ’ s  r e s i n ,  h a rd  f o r m u la t io n
ERL 4206
( v in y lc y c lo h e x e n e  d io x id e ) lOg
DER 736
( d i g l y c i d y l  e th e r  o f  p o ly p ro p y le n e  g ly c o l ) 4g
NSA
(N o n e n y ls u c c in ic  a n h y d r id e ) 26g
S-1
(D im eth y lam in o  e th a n o l ) 0 '4 g
When c o o l  t h e  r e s i n  b lo c k s  w e re  c u t  / i n t o  o b lo n g s  a p p ro x im a te ly  
6x2x2 mm ea ch  c o n ta i n in g  a  m y c o r r h iz a .  T h ese  w e re  th e n  m oun ted  on wooden 
s tu b s  u s in g  epoxy  r e s i n .  S e c t io n s  a p p ro x im a te ly  75 nm t h i c k  w e re  c u t  
u s in g  a  R e i c h e r t  CM U3 u l t r a m ic r o to m e  and  g l a s s  k n iv e s .  T h ese  s e c t i o n s  
w ere  p ic k e d  up on u n c o a te d  c o p p e r  g r id s  and  s t a i n e d  w ith  2% u r a n y l  a c e t a t e  
f o l lo w e d  b y  l e a d  c i t r a t e  (R e y n o ld s , 1 9 6 3 ). T h ese  s e c t i o n s  w ere  exam ined  
u s in g  a  JEOL 100B e l e c t r o n  m ic ro s c o p e  o p e r a t in g  a t  80 k v . E l e c t r o n  
m ic ro g ra p h s  w e re  ta k e n  on I l f o r d  FTI 55 p l a t e s .
9 .4  S c a n n in g  e l e c t r o n  m ic ro sc o p y
M y c o r rh iz a s ,  and  b lo c k s  a p p ro x im a te ly  5 mm^ c u t  from  f u n g a l  i s o l a t e s  
grown on M.M.N. m edium , w ere  f i x e d  and  d e h y d ra te d  th ro u g h - a  g ra d e d  s e r i e s  
o f  e th a n o l  and  a c e to n e  a s  i n  C h a p te r  9 .3 .  S pecim ens i n  a c e to n e  w ere  
c r i t i c a l  p o i n t  d r i e d ,  u s in g  a  P o la ro n  bomb w ith  c a rb o n  d io x id e  a s  t h e  
t r a n s i t i o n a l  f l u i d .  Specim ens w ere  m ounted  on a lum in ium  s tu b s  u s in g  
S c o tc h  d o u b le  s id e d  a d h e s iv e  t a p e ,  s p u t t e r  c o a te d  w ith  g o ld  u s in g  a
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N a n o te ch  Sem prep I I  an d  exam ined  i n  a  C am bridge S te r e o s c a n  MK I I  
s c a n n in g  e l e c t r o n  m ic ro s c o p e  w i th  an  a c c e l e r a t i n g  v o l t a g e  o f  25 k v .
Im ages w e re  r e c o r d e d  on I l f o r d  FP4 n e g a t i v e  f i lm  w hich  was d e v e lo p e d  
i n  I l f o r d  ID11 d e v e lo p e r .
9 .5  P h o to m ic ro g ra p h y
D ry g l a s s  k n iv e s  and  a  R e ic h e r t  OM U3 u l t r a m ic r o to m e  w e re  u s e d  to  
c u t  s e c t i o n s  1 um t h i c k  from  r e s i n  embedded m y c o r rh iz a s  p r e p a r e d  a s  i n  
C h a p te r  9 .3 .  T h ese  s e c t i o n s  w ere  t r a n s f e r e d  to  a  d ro p  o f  d i s t i l l e d  w a te r  
on a  g l a s s  s l i d e .  The s l i d e  was g e n t l y  warmed to  expand  t h e  s e c t i o n s  and  
a d h e re  them  to  t h e  s l i d e .  The s e c t i o n s  w ere  th e n  s t a i n e d  w i th  M a llo r y ’ s 
s t a i n  a  m ix tu r e  o f  1% ^/v A zur I I  i n  d i s t i l l e d  w a te r  an d  1% ^/v m e th y l a i e  
b lu e  i n  1% ^/v sodium  b o r a t e  (R ic h a rd s o n , J a r e t t  & F in k e , I 9 6 0 ) .  E q u a l 
vo lum es o f  A zur I I  an d  m e th y le n e  b lu e  i n  sodium  b o r a t e  w e re  m ix ed  j u s t  
b e f o r e  r e q u i r e d ,  a s  t h e  m ix tu r e  i s  u n s t a b l e .  D rops o f  t h e  m ix tu r e  w ere  
p la c e d  o n to  t h e  s e c t i o n s  w ith  a  5 m l s y r in g e ,  f i t t e d  w ith  a  S a r to r io u s  
m em brane f i l t e r  h o ld e r  c o n ta in in g  a  Whatman 2* 5 cm d ia m e te r  g l a s s  f i b r e  
p a p e r .  The s l i d e  was warmed g e n t l y  o v e r  a  h o t  p l a t e  f o r  2 -3  m in , a l lo w e d  
to  c o o l, a n d  a n y  e x c e s s  s t a i n  was p o u re d  aw ay. The s l i d e  w as w ashed  i n  
ru n n n in g  t a p  w a te r  f o r  2 m in , r i n s e d  in  d e io n i s e d  w a te r  an d  d r i e d  o v e r  
a  h o t  p l a t e .  S e c t io n s  w ere  exam ined  w i th  t h e  X54 o b j e c t i v e  o f  a  L e i t z  
O r th o p la n  m ic ro s c o p e , im m ersion  o i l  b e in g  p la c e d  d i r e c t l y  o n to  t h e  s l i d e .  
P ho tom icrographs w ere  ta k e n  u s in g  a  L e i t z  O rthom at cam era  a n d  I l f o r d  PanF 
n e g a t i v e  f i l m .  T h is  f i lm  was d e v e lo p e d  i n  I l f o r d  ID11 d e v e lo p e r .
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Chapter 10 I d e n t i f i c a t i o n  o f  th e  fu n g a l sym biont
10.1  I s o l a t i o n  o f  s h e a th in g  m y c o r r h iz a l  f u n g i
P r i o r  to  a t te m p te d  i s o l a t i o n ,  m y c o r r h iz a l  s h o r t  r o o t s  w ere  p la c e d  
i n  g l a s s  v i a l s  c o n ta in in g  a  0*003% ^/v s o l u t i o n  o f  Tween 80 in  d i s t i l l e d  
w a te r  and  a g i t a t e d  on a  bench  f l a s k  s h a k e r  f o r  15 m in to  rem ove s o i l  
d e b r i s  from  t h e i r  s u r f a c e s .  The m y c o r rh iz a s  w ere  th e n  a g i t a t e d  f o r  a  
f u r t h e r  15 m in  i n  d i s t i l l e d  w a te r .  A f t e r  t h i s  i n i t i a l  w a sh in g  th e y  w e re  
s u r f a c e - s t e r i l i z e d  b y  im m ersion  i n  30%.^/v h y d ro g en  p e ro x id e  f o r  10 s e c  
an d  w ashed  a g a in  by  a g i t a t i o n  f o r  15 m in i n  each  o f  t h r e e  c h a n g e s  o f  
s t e r i l e  d i s t i l l e d  w a te r .  I n d i v i d u a l  m y c o r rh iz a s  w ere  th e n  p l a t e d  o u t  
o n to  m o d if ie d  M e lin  N o rk ra n s  medium (m.M .N .) (M arx, 1969, 1975b)
(A ppend ix  l l ) ,  c o n ta in in g  15ug /m l a u re o m y c in , and  in c u b a te d  a t  2 0 ° .
F r e q u e n t  m ic r o s c o p ic  e x a m in a t io n s  o f  t h e  m y c o r rh iz a s  w ere  m ade d u r in g  
in c u b a t io n  and  a n y  o b v io u s  n o n -m y c o r rh iz a l  f u n g i  e .g .  P é n i c i l l i u m  s p p . 
w e re  rem oved .
I f  a n y  m y c e l ia l  c o rd s  w ere  fo u n d  a s s o c i a t e d  w ith  .th e  m y c o r r h iz a s ,  
t h e s e  w ere  w ashed  f i r s t  i n  0*003% Tween 80 th e n  i n  f o u r  c h a n g e s  o f  s t e r i l e  
d i s t i l l e d  w a te r .  P o r t i o n s  o f  t h e  m y c e l ia l  c o r d ,  a p p ro x im a te ly  5 mm lo n g ,  
w e re  p l a t e d  o u t  o n to  M.M.N. medium and  in c u b a te d  a t  2 0 ° .
A tte m p ts  w e re  m ade to  i s o l a t e  from  s p o ro c a r p s  fo u n d  i n  t h e  v i c i n i t y  
o f  s e e d l in g s  an d  t r a n s p l a n t s  by  p l a t i n g  o u t  p i e c e s  o f  s p o ro c a rp  t i s s u e  
o n to  M.M.N. medium an d  in c u b a t in g  a t  2 0 ° .
1 0 .2  A s e p t ic  s y n t h e s i s  o f  s h e a th in g  m y c o r rh iz a s
1 0 .2 .1  P r o d u c t io n  o f  a s e p t i c  P . s i t c h e n s i s  s e e d l in g s
A s e p t i c a l l y  g e rm in a te d  s e e d l in g s  o f  P . s i t c h e n s i s  w e re  o b t a in e d  b y  
a  s i m i l a r  s t e r i l i z a t i o n  p ro c e d u r e  t o  t h a t  d e s c r ib e d  i n  C h a p te r  1 0 .1  f o r  
t h e  i s o l a t i o n  o f  m y c o r r h iz a l  f u n g i .  The m a jo r  d i f f e r e n c e s  i n  t h e  p r o c e d u r e  
b e in g  t h a t  t h e  s e e d s  w e re  s h a k e n  in  30% ^/v h y d ro g e n  p e r o x id e  f o r  30 m in  
(T ra p p e , 1 9 6 l)  an d  th e n  a f t e r  w a sh in g  th e y  w e re  p l a t e d  o u t  o n to  1% ^/v w a te r
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a g a r  an d  in c u b a te d  a t  2 0 ° . A f t e r  14 d ay s  t h e  s e e d s  h ad  g e rm in a te d  and  
t h e  s e e d l i n g s  w ere  d e v e lo p e d  to  th e  s t a g e  o f  ta p  r o o t  p r o d u c t io n  and  th e  
em ergence  o f  t h e  f i r s t  n e e d le s .
I f  s t e r i l e  s e e d s  w ere  r e q u i r e d  th e  ab o v e  p r o c e d u re  was te r m in a te d  
a f t e r  w a sh in g .
1 0 .2 .2  Tube c u l t u r e  s y n th e s i s
T h is  ty p e  o f  a s e p t i c  s y n th e s i s  o f  s h e a th in g  m y c o r rh iz a s  was b a se d  
upon  th e  te c h n iq u e s  d e v e lo p e d  by  P a c h le w sk i ( l9 7 2 )  and  Mason ( l9 7 5 ) .
S t e r i l e  g l a s s  v i a l s ,  2*5 cm i n  d ia m e te r  and  10 cm in  l e n g th ,  c o n ta in in g  
a  s lo p e  o f  17 m l o f  I n g e s ta d * s  ( l 9 7 l )  i n o r g a n ic  s a l t s  medium (A ppend ix  I I ) ,  
w i th  p h o sp h o ro u s  a t  a  l e v e l  o f  6*5 p .p .m . and  am ended w ith  50 m g /l  th ia m in e  
h y d r o c h lo r id e ,  10 g / l  a g a r  and  e i t h e r  10 g / l  o r  0 g / l  g lu c o s e ,  w ere  
i n o c u la te d  w i th  an  a g a r  p lu g ,  5 mm in  d ia m e te r ,  c u t  from  th e  ed g e  o f  t h e  
t e s t  fu n g u s  c u l t u r e .  N ex t to  t h e  f u n g a l  in o cu lu m  was p la c e d  an  a s e p t i c a l l y  
g e rm in a te d  P . s i t c h e n s i s  s e e d l i n g .  The g l a s s  v i a l s  w ere  f i t t e d  w ith  
p l a s t i c  c a p s  c o n ta i n in g  an  a i r - v e n t  p lu g g e d  w ith  c o t t o n  w ool an d  w ere  
in c u b a te d  a t  20° u n d e r  T hom  " G ro - lu x "  f l u o r e s c e n t  tu b e s  g iv in g  a  l i g h t  
i n t e n s i t y  o f  2 ,2 0 0  lu x  w i th  a  p h o to p e r io d  o f  18 h .  The s e e d l i n g s  w e re  
exam ined  a t  r e g u l a r  i n t e r v a l s  f o r  m y c o r r h iz a l  d e v e lo p m e n t.
1 0 .2 .3  F la s k  c u l t u r e  s y n th e s i s
The t e c h n iq u e s  d e v e lo p e d  by  M e lin  ( l 9 2 l )  an d  s u b s e q u e n t ly  m o d if ie d  
by  H a c sk a y lo  ( l9 5 3 )  a n d  M arx & Zak ( l9 6 5 )  w ere  u s e d  i n  t h i s  a t t e m p t  to  
s y n t h e s i s e  m y c o r r h iz a s .
W ide n e c k  E rle n m ey e r f l a s k s  o f  500 m l vo lum e w e re  f i l l e d  w i th  
300 m l o f  v e r m i c u l i t e , *  10*5 m l o f  f i n e l y  d iv id e d  p e a t  m o ss , d iv id e d  by  
ru b b in g  th ro u g h  a  s i e v e  w ith  a  m esh s i z e  o f  2 mm and  150 m l o f  I n g e s ta d *  s  
( 1971 ) i n o r g a n ic  s a l t s  medium w i th  p h o sp h o ru s  a t  t h e  l e v e l  o f  6*5 p .p .m . .
*  M ic a f i l  -  m a n u fa c tu re d  b y  D upre V e r m ic u l i t e  L im ite d .
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The f l a s k s  w ere  th e n  f i t t e d  w i th  c o t t o n  w ool p lu g s  an d  a u to c la v e d  a t  
15 l b s / s q  i n  f o r  30 m in . A f t e r  c o o l in g ,  each  f l a s k  was i n o c u l a te d  w i th  
an  a s e p t i c a l l y  g e rm in a te d  P . s i t c h e n s i s  s e e d l in g  and  an  a g a r  p lu g ,
5 mm i n  d ia m e te r ,  o f  t h e  t e s t  f u n g u s .  T h ese  f u n g a l  p lu g s  w e re  c u t  from  
t h e  edge o f  a  30 d a y  o ld  c o lo n y , grown on M .M .N., and  in c u b a te d  a t  20° 
on M.M.N. p l a t e s  f o r  7 d ay s  b e f o r e  i n o c u l a t i o n ,  to  s c r e e n  f o r  c o n ta m in a t io n  
and  a l s o  to  in d u c e  v e g e t a t i v e  g ro w th . C o n tro l  f l a s k s  w ere  i n o c u l a te d  w ith  
a n  a s e p t i c a l l y  g e rm in a te d  s e e d l in g  and  an  u n in f e c te d  a g a r  p lu g .  The f l a s k s  
w e re  in c u b a te d  a t  20° u n d e r  T horn  " G ro - lu x ” f l u o r e s c e n t  tu b e s  g iv in g  a 
l i g h t  i n t e n s i t y  o f  2 ,2 0 0  lu x  w ith  a  p h o to p e r io d  o f  18 h .
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Chapter 11 I n o c u la t io n  o f  s o i l  w ith  m y co r r h iza l fu n g i
11.1  S o i l  a n a l y s i s
F o r  g re e n h o u s e  e x p e r im e n ts  t h e  s o i l s  u s e d  w ere  o b ta in e d  from  th e  
F o r e s t r y  Com m ission E x p e r im e n ta l  N u r s e ry  a t  B ordon , H am psh ire  and  a 
45 y e a r  o ld  P . s i t c h e n s i s  s ta n d  a t  B ra m s h i l l  F o r e s t ,  H am p sh ire . The 
n u r s e r y  s o i l  w as t h e  to p  5 cm ta k e n  from  th e  t r a n s p l a n t  b e d s  w h i le  t h e  
f o r e s t  s o i l  was t h e  humus and  h o r iz o n .
A d i s u s e d  F o r e s t r y  Com m ission n u r s e r y  a t  I r o n h i l l  i n  W est S u sse x  
was u s e d  f o r  f i e l d  e x p e r im e n ts .  The e x p e r im e n ta l  p l o t  was d e n s e ly  
p o p u la te d  w i th  n a t u r a l l y  r e g e n e r a t in g  B e tu la  s p . T hese  s e e d l i n g s  w e re  
rem oved and  th e  e x p e r im e n ta l ,  a r e a  was p lo u g h e d  l e v e l  b e f o r e  u s e .
S o i l  s a m p le s  w ere  a n a ly s e d  b y  th e  A g r i c u l t u r a l  D evelopm en t an d  
A d v is o ry  S e r v ic e  o f  t h e  M in i s t r y  o f  A g r i c u l t u r e ,  F i s h e r i e s  an d  Food 
(T a b le  5 ) .
1 1 .2  S o i l  p r e p a r a t i o n
1 1 .2 .1  S o i l  s t e r i l i z a t i o n
The e x p e r im e n ta l  s o i l s  w ere  p a r t i a l l y  s t e r i l i z e d  w ith  t h e  s o i l  
s t e r i l a n t  B asam id . B asam id i s  m a n u fa c tu re d  b y  B .A .S .F . and  c o n ta i n s  
98-99% Dazom et ( D i th io c a r b a m a te - te t r a h y d r o - 3 ,5 - d i - m e th y l - 2 H - 1 , 3 , 5 - t h i a -  
d i a z i n e - 2 - t h i o n e )  w h ich  p ro d u c e s  t h e  g a s  m e th y l i s o t h i o c y a n a te  when i n  
c o n ta c t  w i th  s o i l  w a te r .  •
The s o i l s  from  B ra m s h i l l  F o r e s t  and  B ordon N u rs e ry  w ere  m ix ed  w i th  
B asam id a t  t h e  r a t e  o f  30 g B asam id /70  1 s o i l ,  th e n  s e a le d  i n  p l a s t i c  
b a g s  f o r  2 w ee k s . The p a r t i a l l y  s t e r i l i z e d  s o i l s  w ere  u s e d  to  f i l l  18 cm 
d ia m e te r  p l a s t i c  p l a n t  p o ts  t o  w i th in  5 cm o f  t h e  to p  o f  t h e  p o t ,  t h e  
q u a n t i t y  o f  s o i l  i n  ea ch  p o t  was a p p ro x im a te ly  2*5 1 .
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The e x p e r im e n ta l  a r e a  a t  I r o n h i l l  N u rs e ry  was p a r t i a l l y  s t e r i l i z e d
by  i n c o r p o r a t in g  Basam id a t  t h e  r a t e  o f  38g/m i n t o  t h e  s o i l  b e  m eans o f
L sh a p ed  t i n e s  r o t a v a t i n g  i t  23 cm i n t o  th e  s o i l .  The e x p e r im e n ta l  a r e a
2
was th e n  c o v e re d  w ith  a  p o ly th e n e  s h e e t  1 5 m  and  l e f t  f o r  2 w eek s . A f t e r  
2 w eeks t h e  p o ly th e n e  s h e e t  was rem oved to  d i s p e r s e  t h e  m e th y l 
i s o t h i o c y a n a t e .  To h e lp  i n  t h i s  d i s p e r s io n  th e  s o i l  was r e g u l a r l y  tu r n e d  
o v e r .u s in g  a  g a rd e n  f o r k .
Random sa m p le s  w ere  ta k e n  from  a l l  s o i l s  e v e ry  7 d a y s  to  t e s t  f o r  
t h e  p r e s e n c e  o f  m e th y l  i s o t h i o c y a n a te  b y  p h y t o t o x i c i t y .  S o i l  sa m p les  
w e re  p la c e d  in  im p e rv io u s  a i r t i g h t  c o n t a i n e r s ,  b ro u g h t  up to  f i e l d  c a p a c i t y  
w i th  ta p  w a te r ,  and  c r e s s  s e e d s  w ere  s c a t t e r e d  o v e r  t h e  s o i l  s u r f a c e .  A 
c o n t r o l  o f  u n s t e r i l i z e d  s o i l  was a l s o  s e t  up a t  t h e  sam e tim e^  When t h e  
g e rm in a t io n  o f  c r e s s  s e e d s  was e q u a l  i n  b o th  t r e a t e d  and  u n t r e a t e d  s o i l s  
t h e  s t e r i l a n t  w as assum ed  t o  h a v e  d i s p e r s e d .
1 1 .2 .2 .  S o i l  f e r t i l i z a t i o n
S o i l  from  B ordon N u rs e ry  and  t h e  I r o n h i l l  N u r s e ry  f i e l d  e x p e r im e n t 
w e re  f e r t i l i z e d  w ith  P , k & Mg a t  t h e  l e v e l s  u s e d  by  t h e  F o r e s t r y  
C om m ission i n  n u r s e r y  b e d s  (A ldhous 1 9 7 2 ) . (T a b le  6 )
I r o n h i l l Bordon
S in g le  P h o s p h a te  ( g r a n u l a r ,  19% P 2O5 ) 40g/m ^ 1 .0 1 7 g /p o t
P o t a s s i c  s u p e rp h o s p h a te .  D ouble  S eason  
PK (20%?20 , 20%IC20) 65g/m^ 1 .6 5 3 g /p o t
K i e s e r i t e  (29%MgO) 20g/m^ 0 . 508g /p o t
T a b le  6 F e r t i l i z a t i o n  re g im e  
1 1 .3  B ulk  in o cu lu m  p r e p a r a t i o n
L a rg e  q u a n t i t i e s  o f  inocu lum  w ere  p r e p a r e d  u s in g  th e  p r o c e d u r e  
d e v e lo p e d  by  M arx & B ryan  ( l9 7 5 ) .  The f u n g i  to  be  i n o c u l a te d  w ere  
grown on p l a t e s  o f  M.M.N. a g a r  f o r  30 d ay s  a t  2 5 ° . A gar p lu g s  5mm 
i n  d ia m e te r  w ere  c u t  from  th e  edge o f  th e  t e s t  c o lo n y  and  p l a t e d  o u t  
o n to  M.M.N. p l a t e s  f o r  a  f u r t h e r  7 day s a t  2 5 ° . T h is  was t o  s c r e e n  
f o r  c o n ta m in a t io n  and  to  in d u c e  v e g e t a t i v e  g row th  o f  th e  t e s t  f u n g u s .
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K i ln e r  j a r s  w i th  a  vo lum e o f  1*5 1 w ere  f i l l e d  w ith  1450 m l o f  v e r m i c u l i t e ,  
50 ml o f  f i n e l y  d iv id e d  p e a t  m o ss , d iv id e d  by  r u b b in g  th ro u g h  a  s i e v e  w ith  
a  m esh s i z e  o f  2 mm and  750 m l o f  l i q u i d  M.M.N. medium. The l i d  o f  each  
j a r  was m o d if ie d  to  c o n ta i n  a n  a i r - v e n t  p lu g g e d  w i th  c o t t o n  w o o l. The 
w ho le  a s se m b ly  was a u to c la v e d  a t  15 I b s / s q  i n  f o r  30 m in . Each j a r  was 
th e n  in o c u l a t e d  w i th  tw e lv e  p lu g s  o f  t h e  t e s t  fu n g u s . The a i r - v e n t s  w ere  
w rapped  i n  P a r a f i lm  and  t h e  j a r s  w e re  in c u b a te d  a t  25° f o r  12 w ee k s . A t 
t h e  end o f  e a c h  week t h e  j a r s  w ere  v ig o r o u s l y  a g i t a t e d  to  b re a k  up t h e  
g row ing  c o lo n i e s  th u s  e n a b l in g  i n f e c t i o n  to  o c c u r  q u ic k ly .
To p r e p a r e  b u lk  in o cu lu m  th e  p e a t - v e r m i c u l i t e  was rem oved from  th e  
j a r s ,  t h e  d a y  p r i o r  to  s e t t i n g  up th e  e x p e r im e n t , and  h e ld  be tw een  two 
l a y e r s  o f  m u s l in  w h i l s t  b e in g  le a c h e d  w ith  a p p ro x im a te ly  8 1 o f  c o o l  
r u n n in g  ta p  w a te r .  E x c e ss  w a te r  was rem oved by  s q u e e z in g . The l e a c h in g  
was n e c e s s a r y  t o  rem ove n o n - a s s im i la t e d  n u t r i e n t s  (M arx & B ry a n , 1 9 7 5 ) .
The in o cu lu m  o f  each  f u n g a l  ty p e  was th e n  b u lk e d  i n t o  p l a s t i c  b a g s  an d  
s to r e d  a t  5 °  o v e r n ig h t .  To t e s t  t h e  p u r i t y  o f  t h e  in o cu lu m  s m a l l  p i e c e s  
o f  v e r m i c u l i t e  w e re  p l a t e d  o u t o n to  M.M.N. a g a r  an d  in c u b a te d  a t  2 0 ° ! ^
The r e s u l t i n g  c u l t u r e s  w ere  com pared  w ith  t h e  o r i g i n a l  i n o c u l a te d  f u n g i .  
C o n tro l  in o cu lu m  w as p ro d u c e d  a s  a b o v e  e x c e p t  i n o c u l a t i o n  was c a r r i e d  o u t  
u s in g  s t e r i l e  a g a r  p lu g s .
This check was c a r r ie d  out b e fo re  the w ater  l e a c h in g  procedure .
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RESULTS
C h a p te r  12 The s h e a th in g  m y c o r rh iz a s  o f  n u r s e r y  grown P . s i t c h e n s i s
12 .1  M y c o r r h iz a l  c h a r a c t e r i s a t i o n
.M a c ro s c o p ic  and  m ic r o s c o p ic  a n a l y s i s  o f  t h e  r o o t  sy s te m s  o f  n u r s e r y -  
grown P . s i t c h e n s i s  s e e d l i n g s  and  t r a n s p l a n t s  r e v e a le d  se v e n  d i s t i n c t  
ty p e s  o f  s h e a th in g  m y c o r r h iz a s .  R e p r e s e n ta t i v e  m y c o r rh iz a s  w ere  
c h a r a c t e r i s e d  u s in g  th e  f o l lo w in g  f e a t u r e s ;  form  o f  t h e  i n d i v i d u a l  
m y c o r rh iz a ,  s h e a th  c o lo u r ,  s h e a th  s t r u c t u r e ,  a t t a c h e d  h y p h a l 
c h a r a c t e r i s t i c s  and  a t t a c h e d  m y c e l ia l  c o rd  c h a r a c t e r i s t i c s .  I n  a l l  
c a s e s  t h e  o v e r a l l  r o o t  form  i s  ra c e m o se .
( l )  P . s i t c h e n s i s /T h e l e p h o r a  t e r r e s t r i s  ( E h rh .)  F r . ,
The i n d i v i d u a l  m y c o r rh iz a s  a r e  g rey -b ro w n  and  c y l i n d r i c a l .  The 
s h e a th  i s  up to  45 um w id e , p ro se n c h y m ato u s  and  made up o f  s e p t a t e  
in te rw o v e n  h y p h a e  2 -7  um i n  d ia m e te r  w i th  c e l l s  up t o  16 um lo n g .  The 
e p id e rm a l  and  some o f  th e  o u t e r  c o r t i c a l  c e l l s  a r e  p ig m e n te d , d i s t o r t e d  
and  c o n ta i n  i n t r a c e l l u l a r  h y p h a e . The H a r t i g  n e t  e x te n d s  to  t h e  
e n d o d e rm is  and  v a r i e s  from  7 um w id e  b e tw een  t h e  e p id e rm a l  c e l l s  t o  3 um 
w id e  b e tw een  t h e  c o r t i c a l  c e l l s  ( P l a t e s  1 - 4 ,  F i g s .  1 & 2 ) .
Two ty p e s  o f  h y p h a e  r a d i a t e  i n f r e q u e n t l y  from  t h e  sm ooth  s h e a th  
s u r f a c e .  The f i r s t  ty p e  a r e  f i l i f o r m ,  up to  100 um lo n g  an d  2 -3  um 
i n  d ia m e te r .  T h ^ o c c u r  i n  g ro u p s  on t h e  s h e a th  s u r f a c e ,  f r e q u e n t l y  a t  
t h e  a p e x  ( P l a t e s  5 & 6 ) .  T h ese  h y p h ae  a r e  sm oo th , s e p t a t e  o f t e n  w i th  a  
clam p c o n n e x io n  upon  one  o f  th e  b a s a l  s e p ta  ( P l a t e s  7 ,Sc 8 ) .  The o t h e r  
s e p ta  a r e  f r e q u e n t l y  d o m e-sh ap ed , t h e  c o n v e x i ty  p o i n t i n g  to w a rd s  t h e  a p e x  
o f  t h e  h y p h ae  ( P l a t e  9 ) .  The se c o n d  ty p e  o f  h y p h a e  a r e  o f  i n d e t e r m in a t e  
l e n g t h ,  2 -4  um i n  d ia m e te r ,  s e p t a t e  w i th  f r e q u e n t  s i n g l e  clam p c o n n e x io n s .  
M y c e l ia l  c o rd s  o c c u r  i n f r e q u e n t l y  up to  35 um i n  d ia m e te r  and  o f  i n d e t e r m in a t e  
l e n g t h .  They c o n s i s t  o f  a  c e n t r a l  c o r e  o f  in te rw o v e n  h y p h ae  4 -5  um i n  
d ia m e te r  w i th  a  s i n g l e  clam p c o n n e x io n  a t  e a c h  sep tum  ( P l a t e s  10 & 1 l ) .  
R a d ia t in g  from  t h e  c e n t r a l  c o re  a r e  h y p h a e  s i m i l a r  to  th o s e  fo u n d  on t h e  ' 
s h e a th  s u r f a c e  ( P l a t e  1 2 ) .
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cP l a t e  1 T ran sverse  s e c t i o n  ( T .S . )  o f  P. s i t c h e n s i s / T. t e r r e s t r i s  (Type l )  
m ycorrh iza  x 1106.
S = f u n g a l  s h e a th ,  H = H a rt ig  n e t ,  IH = i n t r a c e l l u l a r  hyphae,
F = f i l i f o r m  hypha.
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P l a t e  2 T ran sm iss ion  e l e c t r o n  m icrograph ( t .E .M .) o f  T .S . o f  Type 1 
f u n g a l  sh ea th  showing l o o s e l y  in terw oven  hyphae x 8000.
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P l a t e  3 T.E.M , o f  T .S . o f  Type 1 H a r t ig  n e t  x 8000 .
P l a t e  4 S c a n n in g  e l e c t r o n  m ic ro g ra p h  (S .E .M .)  o f  Type 1 s h e a th  s u r f a c e  
show ing in te rw o v e n  hyphae x 2iOO,
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P l a t e  5 S.E.M. o f  apex o f  Type 1 m ycorrh iza  sh ov in g  f i l i f o r m  
hyphae x 220.
P l a t e  6 S.E.M. o f  Type 1 f i l i f o r m  hyphae x 1050,
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P l a t e  7 F i l i f o r m  hypha w ith  a clamp connex ion  x 1946,
P l a t e  8 S.E.M. o f  a f i l i f o r m  hypha clamp connexion  x 5250.
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P l a t e  9 F i l i f o r m  hypha show ing two dom e-shaped  s e p ta  x 2189.
P l a t e  10 Type 1 m y c e l ia l  cord w ith  a c e n t r a l  c o r e  o f  in terw oven  
hyphae and r a d i a t i n g  f i l i f o r m  hyphae
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P l a t e  11 S.E.M, o f  Type 1 m y c e l ia l  cord w ith  r a d i a t i n g  f i l i f o r m  
hyphae y 500
P l a t e  12 S.E.M. o f  f i l i f o r m  hypha o f  m y c e l i a l  cord x 1000,
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(2 )  P . s i t c h e n s i s / L a c c a r i a  l a c c a t a  (S c o p .e x  F r . ) Cooke
The i n d i v i d u a l  m y c o r rh iz a s  a r e  l i g h t  brown and  c y l i n d r i c a l .  The 
s h e a th  i s  up  to  25 um w id e  p ro se n c h y m ato u s  an d  made up o f  in te rw o v e n  
f r e q u e n t l y  b ra n c h e d  s e p t a t e  h y p h a e , 2 -3  um i n  d ia m e te r  w i th  c e l l s  up 
to  15 um lo n g . Some o f  t h e s e  h y p h ae  ru n  p a r a l l e l  t o  each  o t h e r  b o th  
a lo n g  th e  r o o t  and  a ro u n d  th e  r o o t .  The h y p h a e  n e a r  t h e  s h e a th  s u r f a c e  
h a v e  f r e q u e n t  s i n g l e  c lam p c o n n e x io n s . The h y p h a e  a p p re s s e d  to  t h e  r o o t  
s u r f a c e  a r e  l o b a t e  an d  up to  9 um w id e . The e p id e rm a l  c e l l s  a r e  
p ig m e n te d , d i s t o r t e d  an d  c o n ta i n  i n t r a c e l l u l a r  h y p h a e . The H a r t ig  n e t  
e x te n d s  t o  t h e  e n d o d e rm is  and  v a r i e s  from  4 um w id e  b e tw een  t h e  e p id e rm a l  
c e l l s  to  2 um w id e  b e tw een  th e  c o r t i c a l  c e l l s  ( P l a t e s  13 -  18 ,
F ig s  3 & 4 ) .
H yphae, 2 -3 "5  um i n  d ia m e te r  r a d i a t e  i n f r e q u e n t l y  from  th e  s h e a th  
s u r f a c e .  T h ese  h y p h ae  a r e  t o r t u o u s  w ith  f r e q u e n t  e lb o w - l ik e  p r o tu s io n s  
an d  a  c lam p c o n n e x io n  a t  e v e ry  sep tum  ( P l a t e s  19 -  2 l ) .
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P l a t e  13 T.S . o f  P. s i t c h e n s i s / L. l a c c a t a  (Type 2) m ycorrh iza  x 1106.
S = f u n g a l  s h e a th ,  H = H a r t ig  n e t ,  IH = i n t r a c e l l u l a r  hyphae.
ê
P l a t e  14 T.E.M, o f  T.S .  o f  Type 2 f u n g a l  s hea th  x 8000,
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P l a t e  15 T.E.M. o f  T .S . o f  Type 2 m ycorrh iza  showing i n t r a c e l l u l a r  
hyphae x 9300.
t
P l a t e  16 T.E.M. o f  T.S.  o f  Type 2 H a r t i g  n e t  x 8000,
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P l a t e  17 S.E.M, o f  Type 2 sh ea th  s u r fa c e  showing in terw oven ,  
f r e q u e n t l y  branched hyphae x 500.
P l a t e  18 S.E.M. o f  clamp connexion  o f  sh e a th  s u r f a c e  hyphae x 5000,
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F ig .  3 T .S . o f  Type 2 m y c o r rh iz a  x 1000.
S = f u n g a l  s h e a th ,  H = H a r t i g  n e t ,  IH = i n t r a c e l l u l a r  h y p h a e .
F ig .  4 S u r f a c e  v iew  o f  Type 2 s h e a th  x 1000.
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P l a t e  19 A s s o c ia t e d  hyphae w ith  e lb o w - l i k e  p r o t u s io n s  x 1946.
%
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P l a t e  20 S.E.M. o f  a s s o c i a t e d  hyphae showing an e lb o w - l ik e  p r o tu s io n  
and clamp c o n n ex io n s  x 1050.
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P l a t e  21 Clamp co n n ex io n s  on a s s o c i a t e d  hypha x 1946,
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(3 )  P . s i t c h e n s i s / i s o l a t e
The i n d i v i d u a l  m y c o r rh iz a s  a r e  y e llo w -b ro w n  and  c y l i n d r i c a l .
The s h e a th  i s  up  to  35 um w id e , p ro se n c h y m a to u s  and  made up o f  
t ig h t ly - in t e r w o v e n  s e p t a t e  s i n u a t e  h y p h a e , 1 •5  -  3 um i n  d ia m e te r  w i th  
c e l l s  up to  30 um lo n g .
T h ese  h y p h a e  a p p e a r  t o  b e  s u rro u n d e d  by  an  am orphous m a t e r i a l .
The e p id e rm a l  a n d  o u t e r  c o r t i c a l  c e l l s  a r e  p ig m e n te d  and  d i s t o r t e d .  The 
H a r t ig  n e t  e x te n d s  t o  t h e  en d o d erm is  and  i s  1 -3  um w ide  ( P l a t e s  22 -  25»
F i g s .  5 & 6 ) .
V e r ru c o s e  h y p h a e , 2* 5 tun in  d ia m e te r  w i th  a  clam p c o n n e x io n  a t  
e v e ry  sep tu m , r a d i a t e  i n f r e q u e n t l y  from  t h e  s h e a th  s u r f a c e  ( P l a t e  2 5 ) .
The c e l l  w a l l  p r o j e c t i o n s  r a n g e  from  0*4 -  O' 6 um i n  d ia m e te r  ( P l a t e s  26 -  2 7 ) .
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P l a t e  22 T.S , o f  P. s i t c h e n s i s / i s o l a t e  Bj (Type 3) m ycorrhiza  x 1106, 
S = fu n g a l  s h e a th ,  H = H a r t ig  n e t .
?  JAP . V  i l  f -  .
P l a t e  23 T.E.M. o f  T .S . o f  Type 3 f u n g a l  sh ea th  showing hyphae  
surrounded by an amorphous m a t e r ia l  x 8000.
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P l a t e  24 T.E.M. o f  T .S . o f  H a r t ig  n e t  x 8000.
m
P l a t e  25 S.E.M. o f  sh e a th  =urface  showing in terw oven  hyphae  
and a s s o c i a t e d  v e r r u c o s e  hyphae x 500 .
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F ig ,  5 T. S. o f  Type 3 m y c o r rh iz a  x 1000.
S = f u n g a l  s h e a th ,  H = H a r t i g  n e t .
F ig .  6 S u r f a c e  v iew  o f  Type 3 s h e a th  x 1000.
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P l a t e  26 V erru co se  hypha w ith  a clamp connex ion  x 1946,
P l a t e  27 S.E.M. o f  a v e r r u c o s e  hypha w i t h  a clamp connexion  x 11000,
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(4 ) P . s i t c h e n s i s / i s o l a t e
The i n d i v i d u a l  m y c o r rh iz a s  a r e  y e llo w -b ro w n  and  to m e n to se  
due to  c o p io u s  lo o s e  hy p h ae  and  m y c e l ia l  c o r d s .  The s h e a th  i s  
p ro sen ch y m ato u s  and  v a r i a b l e  i n  w id th  from  2 -12  um, i n  some a r e a s  o f  
th e  r o o t  s u r f a c e  c o n s i s t i n g  o f  a  s i n g l e  l a y e r  o f  h y p h a e . The h y p h ae  
a r e  s e p t a t e ,  f r e q u e n t l y  b ra n c h e d  and  lo b ed , 2-3*5 um i n  d ia m e te r  w i th  
c e l l s  up to  20 um lo n g . The H a r t i g  n e t  e x te n d s  t o  t h e  e n d o d e rm is  
and  i s  2 -3  um w id e  w ith  a  b ead ed  a p p e a ra n c e .  The e p id e rm a l an d  o u te r  
c o r t i c a l  c e l l s  o f  th e  r o o t  a r e  p ig m e n te d  and  d i s t o r t e d  ( P l a t e s  2 8 -3 1 , 
F ig s .  7 & 8 ) .
H yphae, 2 -2*5  um in  d ia m e te r ,  w ith  e i t h e r  sm ooth o r  s p in u l o s e  
c e l l  w a l l s  and  f r e q u e n t  c lam p c o n n e x io n s , some o f  w hich  a p p e a r  to  b e  
o f  th e  open ty p e ,  r a d i a t e  o u t  from  th e  s h e a th  s u r f a c e  ( P l a t e s  3 2 - 3 5 ) .  
The m y c e l ia l  c o rd s  a r e  o f  in d e te r m in a te  l e n g th  a n d  up to  60 um i n  
d ia m e te r .  They c o n s i s t  o f  a  c e n t r a l  c o r e  o f  in te rw o v e n  h y p h a e , 4  um 
i n  d ia m e te r  w i th  sm ooth  y e llo w  c e l l  w a l l s  and  f r e q u e n t  s i n g l e  open  
clam p c o n n e x io n s . T h is  c e n t r a l  c o r e  i s  s u r ro u n d e d  by  l o o s e l y  i n t e r ­
woven h y p h ae  up to  3 um in  d ia m te r  w ith  y e llo w  s p in u lo s e  c e l l  w a l l s  
and  f r e q u e n t  s i n g l e  clam p c o n n e x io n s  ( P l a t e s  36 & 3 7 ) .
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P l a t e  28 T .S. o f  _P. s i t c h e n s i s / i s o l a t e  (Type 4) m ycorrhiza  x 1106,  
S = fu n g a l  sh e a th ,  H = H a r t ig  n e t ,  C = a s s o c i a t e d  hyphae.
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P l a t e  29 T.E.M. o f  T.S .  o f  Type 4 f u n g a l  sh e a th  x 8000,
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P l a t e  30 T.E.M, o f  T. S. o f  beaded H a rt ig  n e t  x 8000.
P l a t e  31 T.E.M. o f  T. S. o f  H a r t ig  n e t  showing d o l i p o r e  septum x 8000.
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F i g .  7 T .S . o f  Type 4  m y c o r rh iz a  x 1000.
S = f u n g a l  s h e a th ,  H = H a r t i g  n e t ,  C = a s s o c i a t e d  h y p h a e .
F ig .  8 S u r f a c e  v iew  o f  Type 4  s h e a th  x 1000.
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P l a t e  32 A s s o c ia t e d  smooth hypha w ith  a clamp connex ion  x 1946.
P l a t e  33 A s s o c ia t e d  s p in u lo s e  hypha w ith  a clamp con n ex ion  x 1946.
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P l a t e  34 S.E.M. o f  a s s o c i a t e d  s p in u lo s e  hyphae w ith  clamp co n n e x io n s  x 5000,
P l a t e  35 S.E.M. o f  s p i n u l o s e  hypha w i th  an open clamp connex ion  x 10000.
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P l a t e  36 Type 4 m y c e l ia l  cord  x 1106,
P l a t e  37 S.E.M, o f  a Type 4 m y c e l i a l  cord x 475 .
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(5 )  P . s i t c h e n s i s / i s o l a t e
/
The i n d i v i d u a l  m y c o r rh iz a s  a r e  b la c k -b ro w n , c l a v a t e  w i th  many 
b la c k -b ro w n  h y p h a e  r a d i a t i n g  from  th e  s h e a th  s u r f a c e .  The s h e a th  i s  
up to  16 um w id e , p ro sen ch y m ato u s  and  f r e q u e n t l y  two l a y e r e d .  B oth 
l a y e r s  a r e  m ade up o f  s e p t a t e  s in u a te - h y p h a e ,  1 -3  um i n  d ia m e te r  w i th  
c e l l s  up  to  7 um lo n g . The in n e r  l a y e r  i s  h y a l i n e ,  t h e  o u t e r  d a rk  
brow n, an d  when th e  m y c o r rh iz a  i s  f i r s t  fo rm ed  th e  h y a l i n e  l a y e r  m akes 
up t h e  m a jo r  p a r t  o f  t h e  s h e a th .  As i t  m a tu re s  t h e  w ho le  o f  t h e  s h e a th  
e v e n tu a l l y  becom es d a rk  brow n. The H a r t i g  n e t  i n  n e w ly -fo rm e d  
m y c o r rh iz a s  a n d  i n  t h e  p ro x im a l p o r t i o n  o f  t h e  m a tu re  m y c o r rh iz a  i s  
h y a l i n e ,  p e n e t r a t e s  to  th e  e n d o d e rm is  and  i s  1 -2  um w id e . I n  t h e  o l d e r  
p o r t i o n  o f  t h e  m y c o r rh iz a  t h e  H a r t i g  n e t  b e tw een  th e  e p id e rm a l  c e l l s  
an d  t h e  o u t e r  c o r t i c a l  c e l l s  i s  p ig m e n te d  ( P l a t e s  3 8 -4 0 , F i g s .  9 Sc 1 0 ) .
R a d ia t i n g  from  th e  s h e a th  s u r f a c e  a r e  s e p t a t e  b la c k -b ro w n  
r u g u lo s e  h y p h a e  2 um i n  d ia m e te r  ( P l a t e s  41 Sc 4 2 ) ,  F r e q u e n t ly  a  
l a t e r a l  h y p h a ; a p p e a r s  t o  e n c i r c l e  t h e  p a r e n t  hypha ( P l a t e s  43 Sc 4 4 ) .
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P l a t e  38 T.S. o f  P. s i t c h e n s i s / i s o l a t e  (Type 5) m ycorrh iza  x 1106, 
Sp = pigm ented fu n g a l  s h e a th ,  Sh = h y a l in e  fu n g a l  sh e a th ,
H = H a r t ig  n e t ,  C = a s s o c i a t e d  hyphae.
m
P l a t e  39 T.E.M. o f  T.S.  o f  Type 5 f u n g a l  sheath  x 8000.
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P l a t e  40 T.E.M. o f  T .S . o f  H a rt ig  n e t  x 8000 .
P l a t e  41 A s s o c ia t e d  r u g u lo s e  hypha x 1946.
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F ig .  9 T .S . o f  Type 5 m y c o r rh iz a  x  1000.
Sp = p ig m e n te d  f u n g a l  s h e a th ,  Sh = h y a l i n e  f u n g a l  s h e a th ,  
H = H a r t ig  n e t .
F ig .  10 . S u r f a c e  v iew  o f  Type 5 s h e a th  x  1000.
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P l a t e  42 S .E .M , o f  r u g u lo s e  hyphae  x 2100.
P l a t e  43 L a t e r a l  hypha e n c i r c l i n g  th e  p a r e n t  hypha x 1946.
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P l a t e  44 S .E .M . o f  e n c i r c l i n g  l a t e r a l  hypha x 5250,
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(6 )  P . s i t c h e n s i s / i s o l a t e  A2
The i n d i v i d u a l  m y c o r rh iz a s  a r e  brown and  c y l i n d r i c a l .  The s h e a th  
i s  up to  23 um w id e , p ro sen ch y m ato u s  an d  made up o f  s e p t a t e  in te rw o v e n  
d o l i i f o r m  h y p h a e , 3 -8  um i n  d ia m e te r  w i th  c e l l s  up to  15 um lo n g .  The 
e p id e rm a l c e l l s  an d  th e  o u t e r  two t o  f o u r  l a y e r s  o f  c o r t i c a l  c e l l s  a r e  
p ig m e n te d , d i s t o r t e d  an d  c o n ta in  i n t r a c e l l u l a r  h y p h a e . The H a r t i g  n e t  
e x te n d s  t o  t h e  en d o d e rm is  and  v a r i e s  from  8 um w id e  be tw een  t h e  
p ig m e n te d  c e l l s  to  2 um w id e  b e tw een  t h e  c o r t i c a l  c e l l s  ( P l a t e s  4 5 -4 8 , 
F i g s .  11 & 1 2 ) .
R a d ia t in g  from  th e  sm ooth s h e a th  s u r f a c e  a r e  i n f r e q u e n t  sm ooth  to  
v e r r u c o s e  t h i c k - w a l l e d  s e p t a t e  h y p h a e , 2 -4  um i n  d ia m e te r  ( P l a t e s  49  & 
5 0 ) .  T hese  c e l l  w a l l  p r o j e c t i o n s  r a n g e  from  O '8 - 1 :2  um i n  d ia m e te r .  
O c c a s io n a l ly  t h e s e  h y p h ae  a r e  t e r m in a te d  by  s p h e r i c a l  c h la m y d o s p o re s , 
w h ich  a r e  t h ic k - w a l l e d ,  y e llo w  to  d a rk -b ro w n , v e r r u c o s e ,  4 9 -9 2  um i n  
d ia m e te r  an d  s u p p o r te d  b y  two to  f i v e  s w o l le n  c e l l s ,  15-25  un  i n  
d ia m e te r  ( P l a t e  51 ) .
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P l a t e  45 T .S . o f  P . s i t c h e n s i s / i s o l a t e  A2 (Type 6) m y c o r rh iz a  x 1106.
S = f u n g a l  s h e a th ,  H = H a r t i g  n e t ,  IH = i n t r a c e l l u l a r  h y p h a e .
P l a t e  46 T.E.M. o f  T.S .  o f  Type 6 f u n g a l  sheath  x 8OOÜ.
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P l a t e  47 T.E.M . o f  T .S . o f  H a r t ig  n e t  x 8000.
P l a t e  48 S.E.M. o f  Type 6 sheath  s u r f a c e  x 2150.
8 0
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F ig .  11 T .S . o f  Type 6 m y c o r rh iz a  x  1000.
S = f u n g a l  s h e a th ,  H = H a r t i g  n e t ,  IH = i n t r a c e l l u l a r  h y p h ae .
F ig .  12 S u r f a c e  v ie w  o f  Type 6 s h e a th  x 1000.
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P l a t e  49 A s s o c i a t e d  v e r r u c o s e  hypha x 1946.
P l a t e  50 S.E.M. o f  v e r r u c o s e  hypha x 5300,
82
P l a t e  51 C h lam ydospores fo u n d  a s s o c i a t e d  w ith  Type 6 m y c o r rh iz a s  x 1106,
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( ? )  p .  s i t c h e n s i s / i s o l a t e  Aj
The i n d i v i d u a l  m y c o r rh iz a s  a r e  l i g h t  brow n and  t o r t u o u s .  The 
s h e a th  i s  up  t o  25 um w id e , p ro s  enchyma to u s  and  made up o f  s e p t a t e  
in te rw o v e n  d o l i i f o r m  h y p h ae  4 -8  um i n  d ia m e te r  w i th  c e l l s  up to  10 um 
lo n g . The e p id e rm a l  an d  some o f  t h e  o u t e r  c o r t i c a l  c e l l s  a r e  p ig m e n te d , 
d i s t o r t e d  and  c o n ta in  i n t r a c e l l u l a r  h y p h a e . The H a r t i g  n e t  e x te n d s  to  
th e  en d o d e rm is  an d  v a r i e s  from  10 um w id e  be tw een  th e  p ig m e n te d  c e l l s  
t o  3 u n  w id e  b e tw een  t h e  c o r t i c a l  c e l l s  ( P l a t e s  52-55» F i g s .  13 8c 1 4 ) .
R a d ia t i n g  from  th e  sm ooth  s h e a th  s u r f a c e  a r e  i n f r e q u e n t  sm ooth  to
v e r r u c o s e  t h i c k  w a l le d  s e p t a t e  h y p h a e , 2 -4  um i n  d ia m e te r  ( P l a t e s  56 8c 5 7 ) .
T h ese  c e l l  w a l l  p r o j e c t i o n s  a r e  0 * 8 - 1  um i n  d ia m e te r .  O c c a s io n a l ly  
t h e s e  h y p h a e  a r e  te r m in a te d  b y  s p h e r i c a l  c h la m y d o sp o re s  ( P l a t e  5 8 ) ,  
w hich  a r e  t h ic k - w a l l e d ,  y e llo w  to  d a rk  brow n, v e r r u o c s e ,  3 0 -83  u n  i n
d ia m e te r  and  f r e q u e n t l y  s u p p o r te d  b y  a  num ber o f  s w o lle n  c e l l s  15 -20  um
i n  d ia m e te r .
Of t h e  se v e n  ty p e s  o f  s h e a th in g  m y c o r rh iz a s  d e s c r ib e d  a b o v e  o n ly  
two w ere  fo u n d  a s s o c i a t e d  w i th  s p o r o c a r p s .  Type 1 w ith  t h o s e  o f  
T. t e r r e s t r i s  and  Type 2 w i th  th o s e  o f  L . l a c c a t a .
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P l a t e  52 T .S , o f _P. s i t c h e n s i s / i s o l a t e  (Type 7) m y c o r rh iz a  x 1106.
S = f u n g a l  s h e a th ,  H = H a r t ig  n e t ,  IH = i n t r a c e l l u l a r  hyphae ,
P l a t e  53 T.E.M. o f  T.S.  o f  Type 7 f u n g a l  s hea th  x 8000,
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eP l a t e  54 T.E.M . o f  T .S . o f  H a r t ig  n e t  x 8000,
P l a t e  55 S.E.M. o f  Type 7 sh e a th  s u r f a c e  x 1100.
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F ig .  13 T .S . o f  Type 7 m y c o r rh iz a  x 1000.
S = f u n g a l  s h e a th ,  H = H a r t i g  n e t ,  IH = i n t r a c e l l u l a r  h y p h ae ,
F ig .  14 S u r f a c e  v iew  o f  Type 7 s h e a th  x 1000.
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P l a t e  56 V e r ru c o s e  hypha a s s o c i a t e d  w ith  Type 7 m y c o r rh iz a s  x 1946.
% ,
" %
P l a t e  57 S.E.M, o f  v e r r u c o s e  hypha x 5K.
P l a t e  58 C h lam ydospore  fo u n d  a s s o c i a t e d  w ith  Type 7 m y c o r rh iz a s  x 860 ,
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1 2 .2  D i s t r i b u t i o n  o f  t h e  s h e a th in g  m y c o r rh iz a s
T ypes 1 , 5f 6 and  7 w ere  fo u n d  w ith  b o th  t r a n s p l a n t e d  and  se e d b e d  
P . s i t c h e n s i s  " w h i ls t  Types 2 , 3 and  4 w ere  fo u n d  a s s o c i a t e d  o n ly  w ith  
t r a n s p l a n t s .  The m a j o r i t y  o f  t r a n s p l a n t e d  and  s e e d l i n g  s h e a th in g  
m y c o r rh iz a s  w e re  o f  Type 6 o r  7» many t r e e s  h a v in g  o n ly  t h e s e  
m y c o r r h iz a s .  When th e  o t h e r  ty p e s  o f  m y c o r rh iz a s  w ere  fo u n d  th e y  n o t  
o n ly  i n f e c t e d  n e w ly -fo rm e d  s h o r t  r o o t s  b u t  a l s o  r e p l a c e d  Type 6 o r  7 
from  o l d e r  s h o r t  r o o t s .  The r e s u l t  o f  su c h  re p la c e m e n t  was s h o r t  r o o t s  
w i th  a  p ro x im a l  p o r t i o n  o f  Type 6 o r  7 an d  a  d i s t a l  p o r t i o n  o f  o n e  o f  
t h e  o t h e r  t y p e s .
T ypes 2 , 3 and  4 o c c u r r e d  v e r y  i n f r e q u e n t l y ,  u s u a l l y  b e in g  c o n f in e d  
to  a  s m a l l  p o r t i o n  o f  t h e  t r a n s p l a n t  b ed , f r e q u e n t l y  l o c a l i z e d  upon  a  
few  r o o t s  o f  an  i n d i v i d u a l  t r a n s p l a n t .  Type 1 o c c u r r e d  m ore f r e q u e n t l y  
b u t  was n o t  w id e s p re a d  o c c u r r in g  r a t h e r  a s  i s l a n d s  o f  i n f e c t i o n  i n  t h e  
t r a n s p l a n t  b e d s  an d  s p o r a d i c a l l y  i n  th e . s e e d b e d s . Type 5 o c c u r r e d  
s p o r a d i c a l l y  oh b o th  t r a n s p l a n t s  and  s e e d l i n g s .
1 2 .3  I s o l a t i o n  o f  f u n g a l  sy m b io n ts
I s o l a t e s  w e re  o b ta in e d  from  a l l  o f  t h e  s h e a th in g  m y c o r r h iz a s ,  t h e  
s p o ro c a r p s  o f  T, t e r r e s t r i s  an d  L. l a c c a t a  and  t h e  m y c e l ia l  c o r d s  o f  
Type 1 an d  Type 4  m y c o r r h iz a s .  U s in g  l i g h t  and  s c a n n in g  e l e c t r o n  m ic ro s c o p y , 
th e  h y p h a l c h a r a c t e r i s t i c s  o f  t h e s e  i s o l a t e s  w ere  com pared  w ith  t h o s e  o f  
t h e  o r i g i n a l  m y c o r r h iz a .  The i s o l a t e s  w e re  c h a r a c t e r i s e d  a f t e r  30 d a y s  
g ro w th  a t  25° on M.M.N. a g a r .  C olour d e s ig n a t io n s  a r e  b a s e d  on K o rn eru p  
(1 9 6 3 ) .
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( l ) I s o l a t e  from  T. t e r r e s t r i s  s p o ro c a r p ,  s h e a th in g  m y co rrh iza .
Type 1 and  m y c e l ia l  c o r d .
T h a l lu s  d ia m e te r  35 mm. The c e n t r e  o f  th e  t h a l l u s  was taw ny  and  
c o t to n y  i n  a p p e a ra n c e  due  to  a e r i a l  h y p h ae . The edge  o f  t h e  t h a l l u s  was 
i r r e g u l a r  an d  d i f f u s e ,  th e  h y p h ae  b e in g  subm erged  in  th e  a g a r .  The 
i s o l a t e  p ro d u c e d  a  brown d i f f u s i b l e  p ig m en t ( P l a t e  5 9 ) .
I n d i v i d u a l  h y p h a e  w e re  3 -4  um i n  d ia m e te r ,  s e p t a t e  w i th  a  clam p 
c o n n e x io n  a t  each  sep tum  ( P l a t e  6 0 ) .  A e r i a l  hy p h ae  ( P l a t e  6 l ) w ere  
s i m i l a r  i n  a p p e a ra n c e  to  th o s e  o f  t h e  s h e a th  s u r f a c e  ^ d  m y c e l ia l  c o r d s .
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P l a t e  59 T h i r t y - d a y - o ld  t h a l l u s  o f  T. t e r r e s t r i s  on M.M.N, a g a r  
a t  25° X 0* 9 .
P l a t e  60 S.E.M. o f  clamp connexion  x 5K
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P l a t e  6l S .E .M , o f  a e r i a l  hypha x 1K.
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(2 ) I s o l a t e  from  L. l a c c a t a  s p o ro c a rp  and  s h e a th in g  m y c o r rh iz a  Type 2 ,
T h a l lu s  d ia m e te r  52 mm. The t h a l l u s  was w h i te  w i th  a  d i f f u s e  
ed g e , m o st o f  th e  m y c e l ia  w ere  subm erged  i n  th e  a g a r  w ith  few  
a e r i a l  h y p h a e  ( P l a t e  6 2 ) .
I n d i v i d u a l  h y p h ae  w ere  2 .5 - 4  um i n  d ia m e te r ,  s e p t a t e  w i th  a  
clam p c o n n e x io n  a t  e v e ry  sep tum  ( P l a t e  6 3 ) .  The su b n e rg e d  h y p h a e  
w ere  f r e q u e n t l y  s w o l le n ,  up to  7 um i n  d ia m e te r .  The a e r i a l  h y p h a e  
h a d  f r e q u e n t  p r o tu s i o n s  ( P l a t e  6 4 ) .
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P l a t e  62 T h i r ty - d a y - o ld  t h a l l u s  o f  L. l a c c a t a  on M.M.N. a g a r  
a t  25° X 0 -9
P l a t e  63 S.E.M. o f  clamp connexion  x 5K.
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P l a t e  64 S .E .M . o f  a e r i a l  hyphae  x 5*4K.
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(3)  I s o l a t e
T h a l lu s  d ia m e te r  11 mm. The t h a l l u s  was w h i te  w ith  a  d i f f u s e  
edge o f  subm erged  h y p h a e . The c e n t r e  o f  t h e  t h a l l u s  was c o t to n y  in  
a p p e a ra n c e  due  to  a e r i a l  h y p h a e  ( P l a t e  6 5 ) .
I n d i v i d u a l  h y p h ae  w ere  2 -2*5  um i n  d ia m e te r ,  s e p t a t e  w i th  a  c lam p 
c o n n e x io n  a t  each  sep tu m . A e r i a l  hy p h ae  w ere  v e r r u c o s e  an d  2-2* 5 um 
in  d ia m e te r .  The c e l l  w a l l  p r o j e c t i o n s  w ere  0* 4 -0 * 6  um i n  d ia m e te r  
( P l a t e  6 6 ) .
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P l a t e  65 T h i r t y - d a y - o ld  t h a l l u s  o f  i s o l a t e  on M.M.N. a g a r  
a t  25° X  O '9 .
P l a t e  66 S.E.M. o f  a e r i a l  v e r r u c o s e  hyphae shov ing  a clamp
con n e x ion  x 5K.
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(4)  I s o l a t e
T h a l lu s  d ia m e te r  13 mm. The t h a l l u s  was p e a c h -y e llo w  and  
v e lv e t y .  T h e re  w ere  few  subm erged  h y p h a e , t h e  m a j o r i t y  b e in g  
a e r i a l  ( P l a t e  6 7 ) .
I n d i v i d u a l  h y p h a e  w ere  2*5-3  um i n  d ia m e te r ,  s e p t a t e  w i th  
f r e q u e n t  s i n g l e  c lam p c o n n e x io n s , some o f  w h ich  w ere  o f  t h e  open  
ty p e .  The h y p h a l  w a l l s  w ere  t h i c k ,  y e llo w  and  e i t h e r  sm ooth o r  
s p in u lo s e  ( P l a t e  6 8 ) .
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P l a t e  67 T h i r ty - d a y - o ld  t h a l l u s  o f  i s o l a t e  B on M.M.N, a g a r  
a t  25° X  0 - 9 .
P l a t e  68 S.E.M. o f  s p i n u l o s e  a e r i a l  hyphae wi th  an open clamp
connex ion  x 10K.
1 0 0
(5)  I s o l a t e
T h a l lu s  d ia m e te r  29 mm. The t h a l l u s  was b la c k -b ro w n  w ith  a 
w h i te  m a rg in  ( P l a t e  6 9 ) .  The edge was d i s t i n c t  and  made up o f  
subm erged  s e p t a t e  h y a l i n e  h y p h a e  2-2*5  um i n  d ia m e te r .  I n  th e  
p ig m e n te d  a r e a  t h e  subm erged  h y p h a e  w ere  s w o lle n  up  to  8 um i n  
d ia m e te r ,  t h e  c e l l  w a l l s  w e re  th ic k e n e d  and  p ig m e n te d . The 
a e r i a l  h y p h ae  w ere  s e p t a t e  w i th  b ro w n -b la c k  r u g u lo s e  c e l l  w a l l s  
( P l a t e  7 0 ) .
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P l a t e  69 T h i r t y - d a y - o ld  t h a l l u s  o f  i s o l a t e  S. on M.M.N, a g a r  a t  
2 5 °  X O '9 .
P l a t e  70 S.E.M. o f  r u g u l o s e  a e r i a l  hyphae x 11 '9K.
1 0 2
(6)  I s o l a t e  Aa
T h a l lu s  d ia m e te r  68 mm. The t h a l l u s  was p u t t y  c o lo u r e d  w ith  
a  c o t t o n y  a p p e a ra n c e  d u e  to  a e r i a l  h y p h a e . The edge was v e r y  
d i f f u s e  ( P l a t e  71 ) .  The subm erged  h y p h ae  w ere  2 -8  um i n  d ia m e te r ,  
s e p t a t e  an d  sm ooth  t o  v e r r u c o s e .  I n  o l d e r  p a r t s  o f  t h e  t h a l l u s  
t h e  subm erged  h y p h ae  w ere  s w o lle n  and  up to  12 um i n  d ia m e te r .
The a e r i a l  h y p h ae  w ere  s e p t a t e  3* 5 -5  um i n  d ia m e te r  w i th  v e r r u c o s e  
c e l l  w a l l s .  T h ese  w a l l  p r o j e c t i o n s  w e re  1 -2  um i n  d ia m e te r  
( P l a t e  7 2 ) .  C h lam ydospo res up to  40 um in  d ia m e te r  w ere  f r e q u e n t l y  
p r e s e n t ,  t h e y  w ere  t h i c k  w a l le d ,  brown and  v e r r u c o s e  ( P l a t e  7 3 ) . 
I n t e r c a l a r y  c h la m y d o sp o re s  up to  25 um i n  d ia m e te r  w ere  a l s o  
p r e s e n t .
103
P l a t e  71 T h i r t y - d a y - o ld  t h a l l u s  o f  i s o l a t e  A2 on M.M.N. a g a r  
a t  25 ° X O' 9 .
P l a t e  72 S.E.M. o f  v e r r u c o s e  a e r i a l  hyphae x 5'75K,
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P l a t e  73 S .E .M . o f  a c h la m y d o sp o re  fo rm ed  by  i s o l a t e  A2 on 
p e a t-v e rm ic u l i te -M .M .N . medium a t  25° x 1150.
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(7)  I s o l a t e  Aj
T h a l lu s  d ia m e te r  80 mm. The t h a l l u s  was cham pagne c o lo u r e d  
and  s t e l l a t e  i n  a p p e a ra n c e .  The ed g e  was v e r y  d i f f u s e  ( P l a t e  7 4 ) .
The s t e l l a t e  form  was due. t o  g ro u p s  o f  hy p h ae  fo rm in g  a r m - l i k e  
p r o c e s s e s  e x te n d in g  i n t o  t h e  a g a r .  T hese  h y p h ae  w ere  t h i c k  w a l le d ,  
v e r r u c o s e ,  s e p t a t e  and  s w o l le n , up  to  13 um i n  d ia m e te r .  R a d ia t i n g  
o u t  from  t h e s e  arm s w e re  h y p h a e  2 -7  um i n  d ia m e te r  w i th  sm ooth  to  
v e r r u c o s e  c e l l  w a l l s .  The a e r i a l  h y p h a e  w e re  v e r r u c o s e ,  s e p t a t e  
and  3 -9  um i n  d ia m e te r  ( P l a t e  7 5 ) . F r e q u e n t ly  c h la m y d o sp o re s  up 
to  35 um i n  d ia m e te r  w ere  p r e s e n t ,  th e y  w ere  t h i c k  w a l le d ,  brown 
and  v e r r u c o s e  ( P l a t e  7 6 ) .
I s o l a t e s  o b ta in e d  from  s p o ro c a rp  t i s s u e  o f  T. t e r r e s t r i s  and  
L. l a c c a t a  w e re  i d e n t i c a l  to  th o s e  o b ta in e d  from  s h e a th in g  m y c o r rh iz a s  
assum ed to  be  fo rm ed  by  th e s e  f u n g i .  T h is  was a l s o  th e  c a s e  w ith  
i s o l a t e s  o b ta in e d  from  m y c e l ia l  c o rd s  o f  Type 1 and  Type 4  s h e a th in g  
m y c o r r h iz a s .
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BP l a t e  74 T h i r ty - d a y -  o ld  t h a l l u s  o f  i s o l a t e  on M.M.N. a g a r  
a t  25° X  0* 9.
P l a t e  75 S.E.M. o f  v e r r u c o s e  a e r i a l  hypha x 6000,
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P la t e  76 S.E.M . o f  a ch lam ydospore formed by i s o l a t e  on 
p ea t-verm icu la te -M .M .N . medium a t  25° x 580.
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1 2 .4  A s e p t ic  s y n t h e s i s
To con firm  th a t  th e  i s o l a t e  o b ta in ed  from th e  sh e a th in g  m ycorrh iza  
i s  th e  m y c o r r h iz a l fu n g u s , s y n t h e s i s  o f  th e  m ycorrh iza  in  a s e p t ic  
c o n d it io n s  and com parison  o f  th e  s y n th e s is e d  m ycorrh iza  w ith  th e  
o r ig in a l  n a tu r a l  m ycorrh iza  i s  d e s ir a b le .  In  t h i s  s tu d y  two m ethods 
o f  a s e p t i c  s y n t h e s i s  w ere u se d .
1 2 .4 .1  Tube c u l tu r e
A fte r  12 weeks th e  s e e d l in g s  w ere h a r v e s te d  and th e  r o o t s  w ere  
a s s e s s e d  f o r  m y c o r r h iz a l d evelop m en t. In  th e  i n i t i a l  tu b e  c u l tu r e  
e x p e r im en ts , w ith  10 g / l  o f  g lu c o s e  in  th e  medium, th e  s y n th e s is e d  
m yco rrh iza s (T ab le  7) w ere m o r p h o lo g ic a lly  d i s s im i la r  to  th e  sh e a th in g  
m yco rrh iza s from w hich th e  fu n g a l i s o l a t e s  w ere o b ta in e d . In  many 
c a s e s  th e  fu n g a l sh e a th  o f  th e  s y n th e s is e d  m ycorrh izas was much w id er  
than th a t  o f  th e  o r ig in a l  m y co rrh iza . The sh e a th  o f  th e  m ycorrh iza  
presum ably form ed by i s o l a t e  v iv o  i s  2 -1 2  um w ide and o f te n
c o n s i s t s  o f  a s in g le  la y e r  o f  hyphae, under th e  a s e p t i c  s y n t h e s i s  
c o n d it io n s  u sed  in  t h i s  in s ta n c e  th e  sh e a th  was up to  100 um w id e . 
I n t e r c e l l u l a r  p e n e tr a t io n  occu rred  in  a l l  o f  th e  s y n th e s is e d  m y c o r r h iz a s . 
However r a th e r  than form ing a H a rtig  n e t  th e  i n t e r c e l l u l a r  hyphae  
p r o l i f e r a t e d  f o r c in g  th e  c o r t i c a l  c e l l s  a p a r t , up to  23 um in  th e  c a s e  
o f  i s o l a t e  T . t .  The s u r fa c e  hyphae o f  th e  s y n th e s is e d  m y co rrh iza s w ere  
in  m ost c a s e s  v e r y  s im i la r  to  th o s e  o f  th e  o r ig in a l  m y co r r h iza s . P r o o f  
o f  th e  m y c o r r h iz a l n a tu r e  o f  th e  fu n g a l i s o l a t e s  was n o t  o b ta in e d  s in c e  
none o f  th e  s y n t h e s is e d  a s s o c ia t io n s  form ed a H a rtig  n e t ,  a p r e r e q u is i t e  
fo r  c l a s s i f i c a t i o n  a s  a sh e a th in g  m y co rrh iza . T h is  r e s u l t  v e r i f i e s  th e  
v iew  o f  Zak ( l9 7 3 )  in  th a t  a s e p t ic  s y n t h e s i s  can r e s u l t  in  m y co rrh iza s  
w hich can n ot be compared w ith  n a tu r a l  m y co r r h iza s . When g lu c o s e  was 
o m itte d  from th e  medium th e  s y n th e s is e d  m yco rrh iza s c l o s e l y  resem b led  
th e  o r ig i n a l  n u r se r y  m ycorrh izas (T a b le  8 ) .  T h is v e r i f i e s  th e  
m y co r r h iza l n a tu r e  o f  th e  fu n g a l i s o l a t e .
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1 2 . 4 . 2  F la s k  c u l t u r e
V e ry  few  s h e a th in g  m y c o r rh iz a s  w ere  fo rm ed  in  th e  tu b e  c u l t u r e  
sy s te m . I n  an  a t te m p t  to  p ro d u c e  a  m ore n a t u r a l  s i t u a t i o n  f o r  r o o t  
d ev e lo p m en t and  m y c o r r h iz a l  f o rm a tio n  a  p e a t / v e r m i c u l i t e / n u t r i ^ t  
s o l u t i o n  was u s e d .
A f t e r  12 w eeks t h e  s e e d l i n g s  w ere  sh a k en  f r e e  from  t h e  p e a t /  
v e r m i c u l i t e  medium and  t h e  r o o t  sy s te m s  w ere  exam ined  f o r  m y c o r r h iz a l  
d e v e lo p m e n t. I n d iv i d u a l  m y c o r rh iz a s  w ere  f i x e d  i n  f o r m a l i n - a c e t i c -  
a lc o h o l  (A ppend ix  l )  and  th e n  p r e p a r e d  f o r  p h o to m ic ro g ra p h y  a s  
d e s c r ib e d  i n  C h a p te r  9 .3  and  9 .5 .  A l l  th e  m y c o r rh iz a s  s y n th e s i s e d  
i n  t h i s  sy s tem  w ere  v e r y  s i m i l a r  to  th o s e  o c c u r r in g  n a t u r a l l y  
(T a b le  9, P l a t e s  77 -  8 3 ) .  . However v e r y  few  m y c o r rh iz a s  w ere  fo rm e d , 
upon  a v e ra g e  o n ly  1 -2  p e r  s e e d l i n g .
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P l a t e  77 T .S . o f  a  s y n th e s i s e d  P . s i t c h e n s i s / T .  t e r r e s t r i s  
m y c o r rh iz a  x 1106,
S = f u n g a l  s h e a th ,  Sp = p ig m e n te d  f u n g a l  s h e a th ,
Sh = h y a l i n e  f u n g a l  s h e a th ,  H = H a r t i g  n e t ,  C = a s s o c i a t e d  h y p h a e .
P l a t e  78 T .S . o f  a s y n t h e s i s e d  P. s i t c h e n s i s / L. l a c c a t a
m ycorrh iza  x 1106,
114
P l a t e  79 T .S . o f  a  s y n th e s i s e d  P . s i t c h e n s i s / i s o l a t e  
m y c o r rh iz a  x 1106.
O 6
1
P l a t e  80 T .S . o f  a s y n t h e s i s e d  s i t c h e n s i s / i s o l a t e
m ycorrh iza  x 1106.
115
t;
T .S . o f  a s y ï i th e s i s o d  P . s i t c h e n s i s / i s o l a t e  S 
m y c o r rh iz a  x 1106. ~  4
P l a t e  82 T .S . o£ a s y n t h e s i s e d  P. s i t c h e n s i s / i s o l a t e  An
m ycorrh iza  x 1106. “     ^ 2
116
P l a t e  83 T .S . o f  a  s y n th e s i s e d  P . s i t c h e n s i s / i s o l a t e  Aj 
m y c o r rh iz a  x 1106.
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Chapter 13 M y co rrh iza l  i n o c u l a t i o n  o f  p a r t i a l l y  s t e r i l i z e d  s o i l s
13 .1  Greenhouse experim ent
The aim  o f  t h i s  e x p e r im e n t was to  com pare  t h e  e f f e c t s  o f  
m y c o r r h iz a l  f u n g i ,  i s o l a t e d  from  n u r s e r y  grown P . s i t c h e n s i s  s e e d l in g s  
and t r a n s p l a n t s ,  upon  P . s i t c h e n s i s  s e e d l in g s  grown in  p a r t i a l l y  
s t e r i l i z e d  s o i l s  u n d e r  g re e n h o u s e  c o n d i t i o n s .  The s o i l s  u s e d  w ere  
fro m  B r a m s h i l l  F o r e s t  and  B ordon N u rs e ry .  T h ese  s o i l s  w e re  p r e p a r e d  
a s  i n  C h a p te r  1 1 .2  (p a g e  41 ) an d  u s e d  to  f i l l  18 cm d ia m e te r  p l a s t i c  
p l a n t  p o t s  to  w i th in  5 cm o f  t h e  to p  o f  t h e  p o t .  The s o i l  was b ro u g h t  
up to  f i e l d  c a p a c i t y  w i th  ta p  w a te r  and  200 m l o f  in o cu lu m  was m ixed  
i n t o  t h e  to p  10 cm o f  s o i l  i n  each  p o t .  The in o c u la  u s e d  i n  t h i s  
e x p e r im e n t w e re  T . t e r r e s t r i s , L . l a c c a t a , t h e  f u n g a l  i s o l a t e s  B^,
Ag an d  A^, an d  a  c o n t r o l  o f  p e a t - v e r m i c u l i t e ,  e ach  s o i l / in o c u lu m  
c o m b in a tio n  was r e p l i c a t e d  s i x t e e n  t im e s .  The s o i l  i n  e a c h  p o t  was 
th e n  c o n s o l i d a t e d  an d  O' 1 g o f  s t e r i l i z e d  P . s i t c h e n s i s  s e e d  w as 
s p r i n k l e d  o v e r  th e  s u r f a c e .  The s u r f a c e  was th e n  c o v e re d  w ith  a  1 cm 
l a y e r  o f  s t e r i l e  p e r l i t e  i n  an  a t te m p t  t o  r e d u c e  a i r b o r n e  m y c o r r h iz a l  
s p o re  c o n ta m in a t io n .  Each p o t  was p la c e d  i n  a  s a u c e r  an d  w a te re d  t h r e e  
t im e s  a  w eek . A f t e r  g e rm in a t io n  t h e  s e e d l in g s  w e re  th in n e d  to  a  maximum 
o f  f iv e ,  p e r  p o t .  To m in im is e  g re e n h o u s e  v a r i a t i o n  t h e  t o t a l  num ber o f  
p o t s  f o r  each  s o i l / in o c u lu m  c o m b in a tio n  was s p l i t  i n t o  f o u r  an d  th e n  
p la c e d  ra n d o m ly  i n  a  b lo c k .  E ach  b lo c k  c o n ta in e d  48 p o t s ,  4  r e p l i c a t e s  
o f  each  s o i l / in o c u lu m  c o m b in a tio n , a r r a n g e d  i n  a  5x10 ra n d o m ise d  b lo c k ,  
t h e  two s p a r e  p o s i t i o n s  l e f t  o n p ty  ( F ig .  1 5 ) .  T he r a n d o m is a t io n  p r o c e s s  
w as c a r r i e d  o u t  u s in g  random  num ber t a b l e s  ( B l i s s ,  1 9 7 0 ) . A f t e r  36 w eeks 
two b lo c k s  w e re  sa m p le d , th e  o th e r  two w ere  r e t a i n e d  f o r  f u r t h e r  
e x p e r im e n ta t io n .  S e e d l in g s  from  each  p o t  w e re  m ea su red  f o r  h e ig h t  
a b o v e  t h e  r o o t  c o l l a r ,  a s s e s s e d  f o r  p e r c e n ta g e  m y c o r rh iz a  f o r m a t io n ,  
s e p a r a te d  i n t o  r o o t  and  s h o o t ,  b u lk e d  and  d r i e d  a t  90° f o r  48 h  i n  a  
c o n v e c t io n  o v en . The n i t r o g e n ,  p o ta s s iu m  an d  p h o sp h o ru s  c o n te n t  o f  
b u lk e d  s h o o ts  an d  r o o t s  w ere  d e te rm in e d  f o r  each  p o t  by  t h e  F o r e s t r y  
C om m ission S i t e  S tu d ie s  U n i t ,  A l i c e  H o l t  R e s e a rc h  S t a t i o n ,  H a m p sh ire .
100 mg sa m p le s  o f  g ro u n d  oven  d ry  p l a n t  m a t e r i a l  w ere  d i g e s t e d  u s in g  
a  K je ld a h l  p ro c e d u r e .  N i t ro g e n  and  p h o sp h o ru s  w e re  d e te rm in e d  
c o l o r i m e t r i c a l l y  (b a s e d  upon th e  d e v e lo p m en t o f  an  in d o -p h e n o l  ty p e  
compound and  m olybdenum  b lu e  r e s p e c t i v e l y )  and  p o ta s s iu m  by  f la m e  
e m is s io n  s p e c t r o p h o to m e tr y .  T hese  m e a s u ra n e n ts  a r e  shown in
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T a b le s  10 -  14 an d  F i g s .  16 -  19 . A n a ly s is  o f  v a r i a n c e  and  D uncan*s 
M u l t i p le  R ange T e s t  (D uncan , 1955) t a b l e s  f o r  a l l  f a c t o r s  a r e  g iv e n  
in  A p pend ix  3 . I n  T a b le s  1 1 - 1 4  t h e  m eans o f  each  f a c t o r  a r e  
d i s p la y e d  i n  r a n k e d  o r d e r  from  l e f t  t o  r i g h t .  Any two m eans 
u n d e r s c o r e d  b y  t h e  same l i n e  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  
5% p r o b a b i l i t y  l e v e l .  P l a t e s  84 & 85 show exam ples  o f  t h e  s e e d l i n g s  
a t  t h e  t e r m in a t i o n  o f  t h e  e x p e r im e n t . S p o ro c a rp s  o f  T, t e r r e s t r i s  
an d  L . l a c c a t a  w e re  f r e q u e n t l y  o b s e rv e d  i n  p o t s  i n o c u la te d  w ith  
c u l t u r e s  o f  t h e s e  f u n g i  ( P l a t e s  86 & 8 7 ) .
T a b le  10 P e r c e n ta g e  m y c o r r h iz a l  fo rm a tio n  o f  i n o c u la te d  s e e d l i n g s
' INOCULUM BORDON
NURSERY
BRAMSHILL-
FOREST
T t 89" 5 , 100
L I 76" 8 100
1 3 '7 85
^ 2 100 100
100 ’ 100
c 0 20*
*  T. t e r r e s t r i s  m y c o r rh iz a s
T t
L I
A
= T h e le p h o ra  t e r r e s t r i s  
= L a c c a r ia  l a c c a t a
= F u n g a l i s o l a t e  B 
= F u n g a l i s o l a t e  A^
= F u n g a l i s o l a t e  A_
= U n in o c u la te d  c o n t r o l
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F ig u r e  13 Greenhouse exper im ent b lo ck  d e s ig n
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CO
tr*
R oo t and  s h o o t  d ry  w e ig h t ,  an d  h e ig h t  o f  s e e d l in g s  grown 
in  ( a )  n u r s e r y  s o i l  and (b )  f o r e s t  s o i l  i n o c u la te d  w i th  
d i f f e r e n t  m y c o r r h iz a l  f u n g i .
T t = T, t e r r e s t r i s . L I = _L. l a c c a t a . B1 = I s o l a t e  B ,
A2 = I s o l a t e  A^, A3 = I s o l a t e  A^, C = U n in o c u la te d  c o n t r o l .
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A3
N it ro g e n  c o n te n t  and  c o n c e n t r a t i o n  o f  s e e d l in g s  grovoi i n
(a )  n u r s e r y  s o i l  and (b )  f o r e s t  s o i l  i n o c u la te d  w i th  d i f f e r e n t
m y c o r r h iz a l  f u n g i .
T t = T. t e r r e s t r i s , L I = L ." l a c c a t a , B1 = I s o l a t e  B^,
A2 = I s o l a t e  A^, A3 = I s o l a t e  A^, C = U n in o c u la te d  c o n t r o l
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F ig .  18 P h o sp h o ru s  c o n te n t  and  c o n c e n t r a t io n  o f  s e e d l i n g s  grown in  
( a )  n u r s e r y  s o i l  and  (b )  f o r e s t  s o i l  i n o c u l a t e d  w i th  
d i f f e r e n t  m y c o r r h iz a l  f u n g i .
T t  = T. t e r r e s t r i s , LI = L. l a c c a t a , B1 = I s o l a t e  B ,
A2 = I s o l a t e  A^, A3 = I s o l a t e  A^, C = U n in o c u la te d  c o n t r o l ,
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2 ‘  0
T t L1 A2 A3
P o ta s s iu m  c o n te n t  and  c o n c e n t r a t io n  o f  s e e d l in g s  grown i n  
(a )  n u r s e r y  s o i l  and  (b )  f o r e s t  s o i l  i n o c u l a te d  w ith  
d i f f e r e n t  m y c o r r h iz a l  f u n g i .
T t = T. t e r r e s t r i s , L I = L. l a c c a t a , B1 = I s o l a t e  B ,
A2 = I s o l a t e  A^, A3 = I s o l a t e  A^., C = U n in o c u la te d  c o n t r o l ,
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CO
4 #
P l a t e  84 T h i r t y  s ix -w e e k -o ld . s e e d l in g s  o f  P . s i t c h e n s i s
grown in  p a r t i a l l y  s t e r i l i z e d  n u r s e r y  s o i l  u n d e r  
g re e n h o u s e  c o n d i t io n s  and  i n o c u la te d  w ith  d i f f e r e n t  
m y c o r r h iz a l  f u n g i  x 0*1 .
m
A 3 A 2 B 1 L I T t
P l a t e  85 T h i r t y  s ix - w e e k - o ld  s e e d l in g s  o f  P . s i t c h e n s i s  grown in
p a r t i a l l y  s t e r i l i z e d  f o r e s t  s o i l  u n d e r  g re e n h o u se  c o n d i t io n s  
and  in o c u la te d  w ith  d i f f e r e n t  m y c o r r h iz a l  f u n g i  x O ' l .
Key; C = U n in o c u la te d  c o n t r o l ,  A2 = I s o l a t e  A^, A3 = I s o l a t e  A„, 
B1 = I s o l a t e  B . LI = L. l a c c a t a , T t = T, t e r r e s t r i s .
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P l a t e  86 S p o ro c a rp  o f  L. l a c c a t a .
P l a t e  87 Sporocarp o f  T. t e r r e s t r i s .
1 30
N u rsery  s o i l
I n  c o m p a riso n  to  th e  u n in o c u la te d  c o n t r o l  s e e d l i n g s  th e  S.D.W, 
was s i g n i f i c a n t l y  d e c re a s e d  by  L I ,  and  R.D.W. by  B ^; S .N .C . 
by  Ag; R .N .C . by  B  ^ and  L I ;  R .P .C , by L I ; S .K .C , by  L I ; R .K .C . by B^, 
L I ,  Ag an d  Ay
The S .N .C . was s i g n i f i c a n t l y  i n c r e a s e d  by  T t ;  S .P .O . by  T t  an d  
L I ; S.N.% by  T t ;  S.P% by  B ^, A^, Ay  L I and  T t;  R .P.%  b y  A^ a n d  A^; 
S.K.% by  Ag an d  A^.
T h e re  w e re  s i g n i f i c a n t  d i f f e r e n c e s  b e tw een  in o c u la  i n  t h e i r  
e f f e c t  upon  R .D .W ., S .N .C .,  RJT...C., S .P .C . ,  R .P .C . , S .K .C ., R .E .C .,  
S .N .% , S .P .% , R .P .% , S.K.% and  r/ s r a t i o .
F o r e s t  S o i l
I n  c o m p a riso n  to  t h e  u n in o c u la te d  c o n t r o l  s e e d l in g s  t h e  S.D.W . 
and R.D.W. w ere  s i g n i f i c a n t l y  i n c r e a s e d  by  Ay  A^, T t an d  L I ; S .L . 
by  B ^, Ay Ay  T t and  L I ; S .N .C . and  R .N .Ç . by  B^, Ay Ay  T t and  L I ;  
S .P .C . b y  T t  and  L I ;  R .P .C . by  Ay  L I and  T t;  S .K .C . b y  B^, A ^, Ay  
T t an d  L I ;  R .K .C . by  Ay Ay  L I an d  T t ;  R .P .%  b y  B  ^ ; S.K.%  b y  B  ^ , Ay  
an d  Ag.
The S.N.% was s i g n i f i c a n t l y  d e c re a s e d  b y  T t ,  L I ,  A^ and  A^î 
R.N.% b y  L I , T t an d  Ay  S .P .%  by  T t and  L I ; R .P .%  by  Ay  T t a n d  L I ;  
r / s  r a t i o  b y  L I .  .
T h e re  w e re  s i g n i f i c a n t  d i f f e r e n c e s  be tw een  in o c u la  i n  t h e i r  e f f e c t  
upon  S .D .W ., R .D .W ., S .L . ,  S .N .C .,  R .N .C ., R .P .C . ,  S .K .C .,  R .K .C .,
S.N .% , R.N .% , S .P .%, R .P .% , S.K.% and  r/ s r a t i o .
S o i l  ty p e  d id  n o t  s i g n i f i c a n t l y  a f f e c t  t h e  f o l lo w in g  f a c t o r /  
in o cu lu m  c o m b in a t io n s : -  R .D .W ., S.D.W . o r  S .L . o f  s e e d l i n g s  i n o c u l a t e d  
w ith  L I o r  T t;  S .N .C . w i th  Ay  A^, B^  o r  L I ;  R .N . C. w i th  Ay Ay  ,
L I o r  T t ;  R .P .C . w i th  L I; S .K .C . w i th  T t ;  R .K .C . w ith  T t o r  L I ;  S.N.%  
w ith  L I ;  R.N.% w ith  L I o r  T t ; S .P .%  w ith  A^ o r  B ^; R .P .%  w ith  L I o r  
B^; R.K.% w ith  Ay Ay  B^, L l^ o r  T t .
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1 3 .2  F i e l d  exper im ent
The aim  o f  t h i s  e x p e r im e n t v a s  to  com pare  t h e  e f f e c t s  o f  d i f f e r e n t  
m y c o r r h iz a l  f u n g i ,  i s o l a t e d  from  n u r s e r y  grown P . s i t c h e n s i s , upon  
P . s i t c h e n s i s  grown i n  p a r t i a l l y  s t e r i l i z e d  s o i l  (C h a p te r  1 1 .2 .1  p a g e  41 ) 
u n d e r  f i e l d  c o n d i t i o n s .  I n  t h e  e x p e r im e n ta l  a r e a  f i v e  s e e d b e d s , 9 m lo n g  
b y  1 m w id e  an d  1*5 m a p a r t ,  w e re  p r e p a r e d  f o l lo w in g  F o r e s t r y  Com m ission 
p r a c t i c e  (A d lh o u s , 1 9 7 2 ) . F e r t i l i z a t i o n  (C h a p te r  1 1 .2 .2 ,  p a g e  43 ) was 
c a r r i e d  o u t  i n  S p r in g  1977. A f t e r  f e r t i l i z a t i o n  th e  se e d b e d s  w ere  r a k e d  
o v e r  to  l e v e l  them  o f f  and  th e n  c o n s o l i d a te d .  The in o c u la  u s e d  i n  t h i s
e x p e r im e n t w ere  T. t e r r e s t r i s , L . l a c c a t a , t h e  f u n g a l  i s o l a t e s  A^ and
A ^, an d  a  c o n t r o l  o f  p e a t - v e r m i c u l i t e .  The e x p e r im e n t was s e t  up  a s  a  
5 x 5  L a t in  s q u a re  ( F ig .  20) ( B l i s s ,  1 9 7 0 ) . Each 9 m x  1 m se e d b e d  h a d  
f i v e  e x p e r im e n ta l  p l o t s  su p e rim p o se d  upon  i t ,  each  p l o t  b e in g  1 m^ . 
s e p a r a te d  b y  1 m^ from  o t h e r  p l o t s .  The e x p e r im e n ta l  p l o t s  w ere  s e t  up  
u s in g  a  1 m^ f ra m e . E ach  p l o t  was ra k e d  o v e r  and th e n  5 1 ; o f 'in o c u lu m  
w as added  and  i n c o r p o r a t e d  i n t o  t h e  to p  5 cm o f  s o i l  b y  r a k i n g .  The 
s u r f a c e  o f  t h e  p l o t  was th e n  tam ped f l a t .  O nto  t h i s  s u r f a c e  5*6 g o f  
s t e r i l i z e d  P . s i t c h e n s i s  s e e d s  w ere  s c a t t e r e d .  The p l o t  w as th e n  c o v e re d  
w i th  l i g h t  c o lo u r e d  g r i t  (A d lh o u s , 1 9 7 2 ) . The s u r f a c e  was a g a in  tam ped f l a t .
B etw een s e t t i n g  up each  p l o t  a l l  a p p a r a tu s  was w ashed w i th  H y c o lin  i n  an
a t t e n p t  to  r e d u c e  a n y  c r o s s - c o n ta m in a t io n  o f  i n o c u l a .  A l l  t h e  s e e d b e d s  
w e re  c o v e re d  w i th  b i r d n e t t i n g  and  t h e  w ho le  e x p e r im e n ta l  a r e a  was s u rro u n d e d  
by  a  m ouse p r o o f  f e n c e .  Due to  t h e  s lo w  d i s p e r s i o n  o f  th e  m e th y l 
i s o t h i o c y a n a t e ,  p o s s ib l y  due  to  low  s o i l  t e m p e ra tu re  ( l y e r  & V o ja h n , 1 9 7 6 ) , 
t h i s  e x p e r im e n t was s e t  up  i n  J u l y  1977 . However t h e r e  was n e g l i g i b l e  
s e e d  g e rm in a t io n  and  th e  e x p e r im e n t w as a b an d o n ed . The e x p e r im e n t was 
s e t  up  a g a in  i n  S p r in g  1978 o n  th e  s a m e  p lo ts  b a t  ■without 
r e - s t e r i l i s i n g  o r r e - f e r t i l i s i n g  t h e  s o i l .  A f t e r
28 w eeks t h e  e x p e r im e n t was h a r v e s t e d .  Ten s e e d l in g s  from  ea ch  p l o t  
w ere  ra n d o m ly  s e l e c t e d  and  m ea su red  f o r  h e ig h t  a b o v e  th e  r o o t  c o l l a r ,  
a s s e s s e d  f o r  p e r c e n ta g e  m y c o r rh iz a  f o rm a t io n ,  s e p a r a te d  i n t o  r o o t  an d  s h o o t ,  
b u lk e d  and  d r i e d  a t  90° f o r  48 h i n  a  c o n v e c t io n  o v en . The n i t r o g e n ,  
p o ta s s iu m  and  p h o sp h o ru s  c o n te n t  o f  b u lk e d  s h o o ts  and  r o o t s  w e re  d e te rm in e d  
f o r  ea ch  p l o t  by  t h e  F o r e s t r y  C om m ission S i t e  S tu d ie s  U n i t ,  A l i c e  H o l t  
R e s e a rc h  S t a t i o n ,  H am p sh ire . T h e se  m ea su rem e n ts  a r e  shown i n  T a b le s  1 5 -1 9  
and  F i g s .  2 1 -2 4 . A n a ly s is  o f  v a r i a n c e  and  D uncan’ s M u l t i p le  R ange T e s t  
t a b l e s  f o r  a l l  f a c t o r s  a r e  g iv e n  in  A ppend ix  4 .
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F ig u r e  20 F i e l d .experim ent L a t in  square  d e s ig n
1 .5m 1m
B
D
B C D
À
■ ^ .
E D A C
A B E D
C E B A
D A C B
1m A = T. t e r r e s t r i s
C = I s o l a t e  Ag 
D = I s o l a t e  A^
E = U n in o c u la te d  C o n tro l
T a b le  15 P e r c e n ta g e  o f  m y c o r r h iz a l  r o o t s  i n  i n o c u la te d  s e e d l i n g s
INOCULUM MYCORRHIZAL 
ROOTS {%)
T t 100
L I 100
A2 100
A3 100
C 0
T t = T h e le p h o ra  t e r r e s t r i s  * 
LI = L a c c a r ia  l a c c a t a  
A2 = F u n g a l i s o l a t e  A^
A3 = F u n g a l i s o l a t e  A^
C = U n in o c u la te d  c o n t r o l
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T ab le  16 Oven dry  w e ig h t ,  r o o t / s h o o t  r a t i o  and sh oo t  le n g th
SHOOT DRY 
WEIGHT 
(S .D .W .) (g )
C A3 A2 T t  LI 
•07  ‘ 092 '1 0 6  ' 186  '  303
ROOT DRY 
WEIGHT 
■ (R .D .W .) (g )
C A3 A2 T t L I 
'0 6 8  '1 0  '1 0 5  '1 5 1  ' 201
root/ shoot
RATIO
(r/ s  r a t i o )
( s / u )
L I T t A2 A3 C 
'6 7 3  '8 2 4  I'O O l 1 '0 9 8  1*104
SHOOT LENGTH 
( S .L . )  (cm)
C A3 A2 T t L I 
4 '4  5 -4  5 -7  7*0 8*3
T a b le  17 S h o o t an d  r o o t  n i t r o g e n  c o n te n t  and  c o n c e n t r a t i o n
SHOOT NITROGEN 
CONTENT (S .N .C .)  
(mg)
C A3 A2 T t L I 
1 '2 9  1 '5  1*89 2 ' 5 3" 82
ROOT NITROGEN 
CONTENT (R .N .C .)  
(mg)
C A2 A3 T t L I 
1 '5B  2 '3 9  2 '5 2  3*07 4*82
SHOOT NITROGEN
PERCENTAGE
(S.N .% )
L I T t  A3 A2 C 
1 '2 6  1 '3 4  1 '7 3  1 '9 1  1 '9 2
•
ROOT NITROGEN
PERCENTAGE
(R.N.% )
T t C A2 A3 LI 
2 '0  2 '2 6  2 '3 2  2 '4 3  2*46
Inocu lum
0 = Uni n o c u l a te d  c o n t r o l
A2 = F u n g a l i s o l a t e  A^
A3 = F u n g a l i s o l a t e  A^
T t = T h e le p h o ra  t e r r e s t r i s  
L I = L a c c a r ia  l a c c a t a
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to
>
Q
w
to
:s
Q
pj
•  1 
•2
7*5
5
2*5
to q
vS
Ü 2 
S
CO
to
o  4
s'•
«
Tt LI A2 A3
F ig .  21 R o o t and  s h o o t  d r y  w e ig h t ,  an d  h e ig h t  o f ‘s e e d l in g s  i n o c u l a te d  
w i th  d i f f e r e n t  m y c o r r h iz a l  f u n g i .
T t = T. t e r r e s t r i s , L I = L . l a c c a t a , A2 = I s o l a t e  Ag
A3 = I s o l a t e  A«, C = U n in o c u la te d  c o n t r o l .3
CO
S!
Tt LI A2 A3
F ig .  22 N i t ro g e n  c o n te n t  and  c o n c e n t r a t io n  o f  s e e d l in g s  i n o c u l a t e d  
w ith  d i f f e r e n t  m y c o r r h iz a l  f u n g i .
T t = T. t e r r e s t r i s , LI = L. l a c c a t a , A2 = I s o l a t e  Ay  
A3 = I s o l a t e  A^, C = U n in o c u la te d  c o n t r o l .
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T ab le  18 Shoot and r o o t  phosphorus c o n te n t  and c o n c e n tr a t io n
SHOOT PHOSPHORUS 
CONTENT ( S .P .C . ) 
(mg)
A3 
♦ 18
C
•23
A2
•26
T t
•3 8
LI
•66
ROOT PHOSPHORUS C A2 T t A3 LI
CONTENT (R .P .C .)  
(mg)
•2 • 29 ' 31 '31 •61
SHOOT PHOSPHORUS Tt A3 LI A2 C
PERCENTAGE ( S .P .% ) •20 • 21 • 22 •26 •33
ROOT PHOSPHORUS • Tt A2 C A3 ' LI
PERCENTAGE (R.P.%) . 21 •28 •29 •30 •31
T a b le  19 S h o o t a n d  r o o t  p o ta s s iu m  c o n te n t  an d  c o n c e n t r a t i o n
SHOOT POTASSIUM 
CONTENT ( S .K .C .) 
(mg)
C A3 A2 T t L I 
•76 '8 3  V 0 4  V 7 3  2 ' 86
ROOT POTASSIUM 
CONTENT (R .K .C .)  
(mg)
C A2 A3 T t L I 
•66 *99 1 '0 4  V 2 9  2 '0 7
SHOOT POTASSIUM 
PERCENTAGE (S .K .% )
T t A2 A3 L I C 
•89  •96  -9 7  -98  1 -0 4
ROOT POTASSIUM 
PERCENTAGE (R.K.% )
T t A2 C L I A3 
•87  •95 '9 8  1 '0 3  1*04
In ocu lum
C = Uni n o c u la te d  c o n t r o l  
A2 = F u n g a l i s o l a t e  A^
A3 = F u n g a l i s o l a t e  A^
T t = T h e le p h o ra  t e r r e s t r i s  
L I = L a c c a r ia  l a c c a t a
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CD
3
o
Ph*
CO
2 
4  
;  *6o
P h*
pj *
F ig .  23
CD
s
Ü
; 1
CO
CD
d
w
«• 3
-4
2
2
4
CO
ft)
f t )
Tt LI A2 A3
P h o sp h o ru s  c o n te n t  and  c o n c e n t r a t io n  o f  s e e d l i n g s  
in o c u l a te d  w ith  d i f f e r e n t  m y c o r r h iz a l  f u n g i .
T t = T. t e r r e s t r i s , L I = L. l a c c a t a , A2 = I s o l a t e  A^ '
A3 = I s o l a t e  A^» C = U n in o c u la te d  c o n t r o l
_ 2 
I 
I
T
1
1
1
I
J  1 
I
2
CO
ft)
T t LI A2 A3
F ig .  24 P o ta s s iu m  c o n te n t  an d  c o n c e n t r a t io n  o f  s e e d l in g s  i n o c u l a t e d  
w ith  d i f f e r e n t  m y c o r r h iz a l  f u n g i .
T t = T. t e r r e s t r i s , L I = L. l a c c a t a , A2 = I s o l a t e  Ap 
A3 = I s o l a t e  A^, C = U n in o c u la te d  c o n t r o l .
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I n  c o m p a riso n  to  t h e  im in o c u la te d  c o n t r o l  s e e d l in g s  t h e  S.D.W, 
was s i g n i f i c a n t l y  i n c r e a s e d  by  A^» T t and  L I; R .D .W ., S . L , , and  R .N .C , 
by  Ag, A^, T t and  L I ; S .N .C . and  R .P .C . by  L I ;  S .P .C . ,  S .K .C , and  R .K .C . 
by  T t and  L I .
The S .P .%  was s i g n i f i c a n t l y  d e c re a s e d  by  A ^, A^, T t and  L I ;  R .P.%  
and  R.R.% by  T t ; r/ s r a t i o  ^ y  L I and  T t .
T h e re  w ere  s i g n i f i c a n t  d i f f e r e n c e s  b e tw een  in o c u la  i n  t h e i r  e f f e c t  
u pon  S .D .W ., R .D .W ., S .L . , S .N .C ., R .N .C ., S .P .C . , R .P .C . , S .K .C .,
R .K .C ., R .P .% , R.K.% an d  r/ s r a t i o .
1 3 .3  S u c c e ss  o f  s t e r i l i z a t i o n  and  i n o c u l a t i o n
S in c e  s e e d l i n g s  grown i n  u n in o c u la te d  B ordon N u rs e ry  S o i l  an d  
I r o n h i l l  N u rs e ry  s o i l  w e re  fo u n d  to  b e  n o n -m y c o r rh iz a l  i t  c a n  b e  assum ed  
t h a t  p a r t i a l  s o i l  s t e r i l i z a t i o n  w i th  Dazom et w as s u c c e s s f u l  i n  e r a d i c a t i n g  
t h e  in d ig e n o u s  m y c o r r h iz a l  f l o r a .  However u n d e r  g re e n h o u s e  c o n d i t i o n s  
c o n t r o l  s e e d l i n g s  grown i n  B ra m s h i l l  F o r e s t  s o i l  w e re  fo u n d  to  b e  
m y c o r r h iz a l  w i th  T. t e r r e s t r i s . T h is  was p r o b a b ly  due  to  b a s id i o s p o r e  
i n o c u l a t i o n  ( R o b e r ts o n , 1954) a s  l a r g e  num bers o f  T. t e r r e s t r i s  s p o r o c a r p s  
w e re  fo rm ed  on t h e  s u r f a c e  o f  s o i l s  i n o c u l t e d  w i th  t h i s  fu n g u s .
U nder g re e n h o u s e  and  f i e l d  c o n d i t io n s  t h e r e  was a  h ig h  p e r c e n ta g e  
o f  m y c o r rh iz a  f o rm a t io n  when p a r t i a l l y  s t e r i l i z e d  s o i l s  w e re  i n o c u l a t e d  
w ith  m y c o r r h iz a l  f u n g i  grown in  p e a t - v e r m i c u l i t e - n u t r i e n t  s o l u t i o n  an d  
a p p l i e d  i n  t h e  q u a n t i t y  recom m ended b y  M arx an d  B ryan  ( l9 7 5 ) .  How ever 
o n ly  13*7% o f  t h e  s h o r t  r o o t s  o f  s e e d l i n g s  grown i n  Bordon N u rs e ry  s o i l  
and  i n o c u la te d  w i th  f u n g a l  i s o l a t e  B  ^ w ere  m y c o r r h iz a l .
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Chapter 14 D i s c u s s io n
14 .1  C h a r a c t e r i s a t i o n
Zak ( l9 6 9 ,  1973) c l a s s i f i e d  s h e a th in g  m y c o r rh iz a s  p r i m a r i l y  upon 
e a s i l y  r e c o g n i s a b l e  m a c ro s c o p ic  f e a t u r e s .  However L e v iso h n  ( l9 6 5 )  
n o te d  t h a t  t h e  p r e s e n c e  o f  m y c o r r h iz a l  a s s o c i a t i o n s  i n  P . s i t c h e n s i s  i s  
n o t  a lw a y s  a p p a r e n t  from  th e  e x t e r n a l  a p p e a ra n c e  o f  th e  r o o t  sy s te m  a s  
i t  u s u a l l y  i s  i n  o t h e r  c o n i f e r s .  I n  t h i s  s tu d y  i t  was d i f f i c u l t ,  e x c e p t  
f o r  Types 4  and  5» t o  d i s t i n g u i s h  t h e  ty p e  o f  m y c o r rh iz a  o r  even  w h e th e r  
o r  n o t  r o o t s  w e re  m y c o r r h iz a l  by  m a c ro s c o p ic  f e a t u r e s .  T h e r e f o r e  
m y c o r r h iz a l  c l a s s i f i c a t i o n  w as b a s e d  upon th e  m ic r o s c o p ic  c h a r a c t e r i s t i c s  
o f  t h e  s h e a th ,  a s s o c i a te d ,  h y p h a e  an d  m y c e l ia l  c o rd s  o f  each  ty p e .
The f u n g a l  s y m b io n ts  o f  Type 1 and  Type 2 w ere  i d e n t i f i e d  a s  
T. t e r r e s t r i s  an d  L. l a c c a t a  r e s p e c t i v e l y ,  b a se d  on th e  c i r c u m s t a n t i a l  
e v id e n c e  o f  f i n d i n g  th e  m y c o r rh iz a s  i n  c lo s e  p r o x im ity  t o  s p o r o c a r p s ,  
s i m i l a r i t y  o f  i s o l a t e s  from  s p o ro c a r p s  and  m y c o r r h iz a s ,  and  c o m p a r iso n s  
o f  m ic r o s c o p ic  f e a t u r e s  o f  ea ch  m y c o r rh iz a  w i th  th o s e  d e s c r ib e d  b y  o t h e r  
w o rk e rs  f o r  t h e  sam e f u n g i  w i th  d i f f e r e n t  h o s t  p l a n t  s p e c i e s .
Type 1 m y c o r rh iz a s  m ic r o s c o p i c a l ly  r e s e m b le  th o s e  d e s c r ib e d  by  
F a s s i  & F o n ta n a  ( l9 6 6 )  f o r  T. t e r r e s t r i s / P . s t r o b u s , an d  M arx 8c D avey 
( l9 6 9 )  f o r  T. t e r r e s t r i s / P i n u s  r i g i d a . , The a s s o c i a t e d  h y p h a e  a n d  m y c e l ia l  
c o rd s  w ere  s i m i l a r  to  th o s e  d e s c r ib e d  by  Schramm ( l9 6 6 )  an d  a t t r i b u t e d  t o  
T . t e r r e s t r i s . Schramm ( l9 6 6 )  c o n s id e r e d  th e  p r e s e n c e  o f  th e  d o m e-sh ap ed  
s e p ta  a s  a  u n iq u e  i d e n t i f y i n g  c h a r a c t e r  f o r  t h e  h y p h ae  o f  T. t e r r e s t r i s  
an d  p o s t u l a t e d  t h a t  t h e y  w e re  l a i d  down d u r in g  p a u s e s  i n  p r o t o p l a s t  
m ig r a t i o n .
I s o l a t e s  o b ta in e d  from  Type 1 m y c o r rh iz a s  c l o s e l y  r e s e m b le d  th o s e  
o b ta in e d  from  s p o ro c a rp s  o f  T. t e r r e s t r i s  fo u n d  n e a r  t h e  m y c o r r h iz a l  
r o o t s ,  and  w ere  v e r y  s i m i l a r  to  th e  i s o l a t e s  a t t r i b u t e d  to  T. t e r r e s t r i s  
d e s c r ib e d  b y  Zak & M arx ( l9 6 4 ) .
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Type 2 m i c r o s c o p i c a l ly  c l o s e l y  re s e m b le d  L. l a c c a t a / p . s t r o b u s  
m y c o r rh iz a s  d e s c r ib e d  b y  F a s s i  & F o n ta n a  ( l9 6 6 ) .  The e lb o w - l ik e  
p r o tu s i o n s  o f  t h e  h y p h ae  a p p e a r  t o  be  c h a r a c t e r i s t i c  o f  t h i s  fu n g u s .
The i s o l a t e s  o b ta in e d  from  a  s p o ro c a rp  o f  L. l a c c a t a  fo u n d  n e a r  t h e  
m y c o r r h iz a l  r o o t s  w e re  v e r y  s i m i l a r  t o  i s o l a t e s  o b ta in e d  from  Type 2 
m y c o r r h iz a s .
None o f  t h e  r e m a in in g  f u n g i  h a v e  b e e n  i d e n t i f i e d ;  T ypes 3 an d  4 
a r e  fo rm ed  b y  c la m p -b e a r in g  b a s id io m y c e te s ,  w h i le  Types 5 , 6 an d  7 a r e  
fo rm ed  b y  s e p t a t e  n o n - c la m p -b e a r in g  f u n g i .  Type 5 m y c o r rh iz a s  s u p e r f i c i a l l y  
r e s e m b le  th o s e  d e s c r ib e d  by  H atch  (1934 ) an d  a t t r i b u t e d  to  M ycelium  
r a d i c i s  a t r o v i r e n s . H atch  c o n s id e r e d  t h i s  fu n g u s  to  b e  a  d a rk  m ycelium  
p a r a s i t i z i n g  a  h y a l i n e  m y c o r rh iz a .  R ic h a rd ,  F o r t i n  & F o r t i n  ( l 9 7 l )  n o te d  
t h a t  t h e  m ic r o s c o p ic  c h a r a c t e r i s t i c s  o f  M. r .  a t r o v i r e n s  i n f e c t i o n  o f  
a s e p t i c a l l y  grown s e e d l i n g s  o f  P . m a r ia n a  a s  i n t r a c e l l u l a r  p e n e t r a t i o n  
o f  c o r t i c a l  c e l l s  o f  t h e  r o o t s ;  m i c r o s c l e r o t i a  f o rm a tio n  w i t h in  c o r t i c a l  
c e l l s ;  d e e p ly  p e n e t r a t i n g  h y p h ae  o f t e n  h y a l i n e  and  b u lb o u s .  T h is  m ic r o s c o p ic  
d e s c r i p t i o n  d o es  n o t  f i t  t h a t  o f  Type 5 m y c o r rh iz a s  w h ich  h a v e  a  w e l l  
d e v e lo p e d  s h e a th  an d  H a r t i g  n e t  w i th  i n t r a c e l l u l a r  p e n e t r a t i o n  l i m i t e d  
t o  t h e  p ig m e n te d  d i s t o r t e d  e p id e rm a l  c e l l s .
M y c o rrh iz a s  s i m i l a r  to  T ypes 6 and  7 w e re  d e s c r ib e d  b y  L e v iso h n  ( l 954) 
a s  b e in g  a b e r r a n t  r o o t  i n f e c t i o n s .  H ow ever, M ik o la  (1 9 6 5 , 1967) an d  
L a ih o  ( 1965 ) h a v e  shown t h a t  f u n g i  i s o l a t e d  from  s h e a th in g  m y c o r rh iz a s  
o f  n u rs e ry -g ro w n  s p ru c e  s i m i l a r  t o  Types 6 an d  7 , and  te rm ed  ’ E - s t r a i n s '* , 
gav e  r i s e  to  e c te n d o m y c o r rh iz a s  w i th  n u rs e ry -g ro w n  p in e  an d  s i g n i f i c a n t l y  
im proved  g ro w th . W ilc o x , Ganm o r  e-Neumann & Wang ( l9 7 4 )  d e s c r ib e d  an  
* E - s t r a in *  fu n g u s  i s o l a t e d  from  e c te n d o m y c o r rh iz a s  o f  r e d  p in e  w h ich  
p ro d u c e d  t e r m in a l  c h la m y d o sp o re s  i n  c u l t u r e  s i m i l a r  t o  th o s e  fo u n d  
a s s o c i a t e d  w i th  Type 6 an d  7 m y c o r rh iz a s  and  i n  c u l t u r e s  o f  Type 6 a n d  7 
i s o l a t e s .  The f u n g i  fo rm in g  Type 6 and  7 m y c o r rh iz a s  a r e  c u l t u r a l l y  
d i s t i n c t  and  b e lo n g  to  t h e  * E - s t r a in *  g ro u p , w h ich  h a s  a  w o r ld  w id e  
d i s t r i b u t i o n .  .C h lam ydospores a t t r i b u t e d  to  them  a r e  f r e q u e n t l y  fo u n d  
(M osse & Bowen, 1968; R edhead , 1977; H a l l ,  1977) and  m y c o r rh iz a s  fo rm ed  
by  th e n  a r e  d o m in an t i n  many n u r s e r i e s  (L a ih o , 1965; L e v iso h n , 1 9 6 5 ) .
The * E - s t r a in *  f u n g i  h a v e  been  p la c e d  i n t o  a  new genus in  t h e  E n d o g o n aceae  
(W a lk er , 1 9 7 9 ) . The g e n e r ic  and  s p e c i f i c  name p ro p o se d  i s  C o m p lex ip es  
m o n i l i f o r m is . T h is  s u g g e s t io n  i s  b a s e d  upon  th e  o b s e r v a t io n s  t h a t  t h e
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h y p h ae  a r e  s p a r s e l y  s e p t a t e  an d  t h a t  l i k e  Endogone e u c a l y p t i  t h e  fu n g u s  
s p o r u l a te d  o n ly  when in  a s s o c i a t i o n  w ith  p l a n t  r o o t s .  However t h e  hy p h ae  
o f  Types 6 and  7 s h e a th in g  m y c o r rh iz a s  o b se rv e d  in  t h i s  work w ere  r e g u l a r l y  
s e p t a t e  b o th  in  f i e l d  c o l l e c t i o n s  and  in  c u l t u r e ,  th e  i s o l a t e s  A2 and  A^ 
a l s o  s p o r u l a t e d  w i th o u t  b e in g  in  a s s o c i a t i o n  w ith  p l a n t  r o o t s .  W alker 
( 1 979 ) d e s c r i b e s  t h e  c h la m y d o sp o re s  o f  f i e l d  c o l l e c t i o n s  o f  C. m o n i l i f o r m is  
a s  b e in g  o rn am e n te d  w i th  crow ded f o l d s  and  p a p i l l a e ,  w h ere  a s  t h e  
c h la m y d o sp o re s  o f  Types 6 and  7 an d  th o s e  d e s c r ib e d  by  W ilc o x , G anm ore- 
Netcnann and  Wang (1974) a r e  v e r r u c o s e .  Thus m ore i n v e s t i g a t i o n  i s  
r e q u i r e d  b e f o r e  th e  * E - s t r a i n '  f u n g i  can  be s a t i s f a c t o r i l y  p la c e d  i n t o  
an y  tax o n o m ic  g ro u p .
In  t h i s  s tu d y  c h a r a c t e r i s a t i o n  o f  each  m y c o r rh iz a  w as b a s e d  upon  
s h e a th  s t r u c t u r e  and  f e a t u r e s  o f  a t t a c h e d  hy p h ae  and  m y c e l ia l  c o r d s .  
I n i t i a l l y  t h i s  in f o r m a t io n  was o b ta in e d  u s in g  l i g h t  m ic ro s c o p y , how ever 
a d d i t i o n a l  in f o r m a t io n  was o b ta in e d  u s in g  t r a n s m is s io n  a n d  s c a n n in g  
e l e c t r o n  m ic ro s c o p y  ( t .E .M . and  S.E .M . r e s p e c t i v e l y ) .
Low pow er T.E.M . was u s e d  i n  a  s u c c e s s f u l  a t te m p t  t o  c o n f irm  th e  
o b s e r v a t io n s  o b ta in e d  w ith  l i g h t  m ic ro sc o p y , t h e  s h e a th  s t r u c t u r e  o f  
each  ty p e  was r e a d i l y  r e c o g n i s a b l e  th u s  e m p h a s iz in g  i t s  u s e f u l n e s s  a s  
a  d i a g n o s t i c  f e a t u r e .
S .E .M . g iv e s  s u p e r i o r  c o n t r a s t ,  d e p th  o f  f i e l d  and  im proved  
r e s o l u t i o n  o f  t h r e e - d im e n s io n a l  s t r u c t u r a l  d e t a i l s  i n  c o m p a riso n  to  
l i g h t  m ic ro s c o p y . S .E .M , was u s e d  by  L o c c i (1969 ) to  d e s c r i b e  th e  
m o rp h o lo g y  o f  c o lo n ie s  o f  A s p e r g i l lu s  a m s te lo d a m i and_by  L o c c i & L o c c i  
( 1974 ) to  d e s c r i b e  t h e  h y p h a l m o rp h o lo g y  o f  a  num ber o f  b a s id io m y c e te s .  
S u r f a c e  f e a t u r e s  o f  m y c o r rh iz a s  and  a s s o c i a t e d  h y p h a l w a l l  o rn a m e n ta t io n  
w ere  s tu d i e d  by  S t r u l l u  ( l9 7 6 ) ,  S t r u l l u  & G e r a u l t  ( l9 7 7 )  and  S e v io u r ,  
H a m ilto n  & C h i lv e r s  ( l9 7 8 )  u s in g  S .E .M ,.
I n  t h i s  s tu d y  S .E .M . was u s e d  t o  e l u c i d a t e  s h e a th  s u r f a c e  
s t r u c t u r e ,  w a l l  o rn a m e n ta t io n  o f  a s s o c i a t e d  h y p h a e , m y c e l ia l  c o rd  s t r u c t u r e  
and  a l s o  to  com pare  th e  h y p h a l w a l l  o r n a m e n ta t io n  o f  f u n g a l  i s o l a t e s  w i th  
t h a t  o f  th e  o r i g i n a l  h y p h ae  a s s o c i a t e d  w ith  th e  s h e a th  s u r f a c e .
D e t a i l s  o f  th e  sh e a th  s u r f a c e  s t r u c t u r e  were o b ta in e d  in  th e  c a s e
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o f  T ypes 1 , 2 and  3 , i n  T ypes 4 and  5 t h e r e  was to o  much a s s o c i a t e d  
h y p h ae  to  d i s c e r n  t h e  s h e a th  s u r f a c e  and Types 6 and  7 l i t t l e  s u r f a c e  
s t r u c t u r e  c o u ld  be  d e t e c t e d .  T h is  may h a v e  been  due to  a  m u c ila g in o u s  
l a y e r  o v e r  th e  s h e a th  s u r f a c e .  A m u c i la g in o u s  l a y e r  o r  m u c ig e l  h a s  been  
o b s e rv e d  by  J e n n y  & G ro sse n b a c h e r  ( l9 6 3 )  u s in g  T .E .M . an d  by  D a r t  ( l 9 7 l )  
and  C am pbell & R o v ir a  (1973) w ith  S .E .M .. Some o f  t h e  o b s e r v a t io n s  o f  
s h e a th  s u r f a c e  s t r u c t u r e  o f  E u c a ly p t  m y c o r rh iz a s  m ade by  C h i lv e r s  (1 968 ) 
u s in g  l i g h t  m ic ro s c o p y  c o u ld  n o t  be  v e r i f i e d  w i th  S.E .M . ( S e v io u r  e t  a l , 
1 9 7 8 ) . I n  t h i s  c a s e  i t  was assum ed t h a t  t h e  j u n c t io n s  o f  c e l l s  w e re  
c o v e re d  b y  an  e x t r a c e l l u l a r  d e p o s i t i o n  o f  p o ly m e r ic  m a t e r i a l .  Thus t h e  
S .E .M . was o f  l i m i t e d  u s e  -in v e r i f y i n g  l i g h t  m ic ro s c o p y  o b s e r v a t io n s  o f  
s h e a th  s u r f a c e  s t r u c t u r e .  T h is  ty p e  o f  s tu d y  i s  d e p e n d e n t upon  t h e  
m o rp h o lo g y  o f  t h e  m y c o r rh iz a s  s tu d i e d  and  t h e i r  r e a c t i o n  to  f i x a t i o n  
and  d e h y d r a t io n .
Many o f  t h e  m y c o r r h iz a l  s h e a th  s u r f a c e s  s tu d i e d  b y  S e v io u r  e t  a l  
( l 978) w ere  e l a b o r a t e l y  o rn am e n te d  w i th  d i f f e r e n t i a t e d  h y p h a l  e le m e n ts ,  
su c h  a s  c y s t i d i a  an d  s p h a e r o c y s t s .  Among t h e  m y c o r rh iz a s  d e s c r ib e d  in  
t h i s  w ork o n ly  Type 1 p o s s e s s e d  d i f f e r e n t i a t e d  h y p h a e , t h e s e  w e re  fo u n d  
on b o th  t h e  s h e a th  an d  m y c e l ia l  c o rd  s u r f a c e s .
S m ith  ( l9 6 6 )  c o n s id e r e d  t h a t  a l th o u g h  f e a t u r e s  o f  t h e  h y p h a l  w a l l  
i n  te rm s  o f  i n c r u s t a t i o n s ,  d e p o s i t i o n s ,  p ig m e n ta t io n  and  c h e m ic a l ' c h a n g e s  
o f  t h e  w a l l  i t s e l f  a r e  p r o b a b ly  s t a b l e  f e a t u r e s  t h e r e  a r e  so  m any d i f f e r e n t  
p a t t e r n s  t h a t  th e y  a r e  o f  l i t t l e  u s e  i n  t h e n s e l v e s .  However i n  t h e  s tu d y  
o f  a  s m a ll  num ber o f  f u n g i ,  h y p h a l w a l l  o r n a m e n ta t io n  h a s  p ro v id e d  a  u s e f u l  
a d d i t i o n a l  c h a r a c t e r  i n  m y c o r r h iz a l  i d e n t i f i c a t i o n .  P a r t i a l  e v id e n c e  f o r  a  
f u n g a l  i s o l a t e * s  m y c o r r h iz a l  o r i g i n  was o b ta in e d  by  c o m p a rin g  t h e  h y p h a l  
o r n a m e n ta t io n  o f  t h e  i s o l a t e  w ith  t h a t  o f  t h e  a s s o c i a t e d  h y p h a e  o f  t h e  
m y c o r r h iz a l  ty p e  from  w h ich  th e  c u l t u r e  was i s o l a t e d .
A lth o u g h  s h e a th in g  m y c o r rh iz a s  fo rm ed  b y  on e  s p e c i e s  o f  f u n g u s  may 
v a r y  in  g r o s s  m o rp h o lo g y  d e p e n d in g  upon  th e  h o s t  p l a n t ;  t h e  s h e a t h ,  a t t a c h e d  
m y c e liim  and  m y c e l i a l  c o rd  s t r u c t u r e  re m a in  v e r y  s i m i l a r  ( p e y r o n e l  1921 , 
1922; Zak 1973 , 1976a & 1 9 7 6 b ). T h is  i s  v e r i f i e d  by t h e . s i m i l a r i t y  o f  
t h e  m ic r o s c o p ic  f e a t u r e s  o f  m y c o r rh iz a s  fo rm ed  by  T. t e r r e s t r i s  and
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L . l a c c a t t a  d e s c r ib e d  h e r e  w ith  th o s e  d e s c r ib e d  by: o t h e r  w o rk e rs  f o r  
t h e  same f u n g i  w i th  d i f f e r e n t  h o s t  p l a n t  s p e c i e s  ( F a s s i  & F o n ta n a , 1966;
M arx & D avey, 1 9 6 9 ) . The m ic r o s c o p ic  a p p e a ra n c e  o f  Types 6 an d  7 
i s  v e r y  s i m i l a r  to  t h a t  o f  P . s i t c h e n s i s / * E - s tr a in *  fu n g u s  E-35 i l l u s t r a t e d  
by  L a ih o  ( l 9 6 5 ) .  However L a ih o  ( l9 6 5 )  a l s o  d e s c r ib e s  t h e  * E - s tr a in *  
fu n g u s  a s  fo rm in g  e c te n d o m y c o r rh iz a s  w i th  s p e c i e s  o f  P in u s  and  L a r ix , 
t h e  o n ly  d i f f e r e n c e  i n  m o rp h o lo g y  b e in g  t h e  p r e s e n c e  o f  i n t r a c e l l u l a r  
h y p h ae  i n  th e  c o r t i c a l  c e l l s .  Zak ( l9 7 4 ,  1976a , 1976b) h a s  shown t h a t  
m any s p e c i e s  o f  f u n g i  t h a t  fo rm  s h e a th in g  m y c o r rh iz a s  w i th  f o r e s t  t r e e s  
m ay a l s o  form  e c te n d o m y c o r rh iz a s  w i th  A rb u tu s  m e n z ie s i i  an d  A r c to s ta p h y lo s  
u v a - u r s i , t h e  o n ly  d i f f e r e n c e  i n  m o rp h o lo g y  b e tw een  t h e  s h e a th in g  
m y c o r rh iz a  and  th e  e c te n d o m y c o rrh iz a  b e in g  t h e  p r e s e n c e  o f  i n t r a c e l l u l a r  
h y p h ae  i n  th e  c o r t i c a l  c e l l s .
Thus m ic r o s c o p ic  f e a t u r e s  o f  t h e  s h e a th  s t r u c t u r e  t o g e t h e r  w i th  
th o s e  o f  a t t a c h e d  h y p h a e  and  m y c e l ia l  c o rd s  c a n  b e  u s e d  a s  an  e f f e c t i v e  
m ethod  o f  c l a s s i f i c a t i o n .  T h is  i s  v e r y  im p o r ta n t  i n  t h e  c a s e  o f  P . 
s i t c h e n s i s  s in c e  m y c o r r h iz a l  i n f e c t i o n  i s  n o t  a lw a y s  o b v io u s  from  m a c ro s p ic  
a p p e a ra n c e  an d  e x te n s i v e  s e c t i o n in g  o f  s h o r t  r o o t s  and  m ic r o s c o p ic  
e x a m in a t io n  i s  r e q u i r e d  to  a s c e r t a i n  th e  p r e s e n c e  and  ty p e  o f  m y c o r r h iz a l  
i n f e c t i o n .  I f  a  m y c o r rh iz a  h a s  been  a d e q u a te ly  d e s c r ib e d  i t  m ay b e  p o s s i b l e ,  
b y  co m p a rin g  t h e  d e s c r i p t i o n  w i th  o t h e r s  p u b l is h e d  now o r  i n  t h e  f u t u r e ,  
t o  i d e n t i f y  t h e  f u n g a l  s y m b io n t. The m a j o r i t y  o f  s y m b io t ic  f u n g i  i n  t h i s  
s tu d y  h a v e  h o t  b een  nam ed, how ever th e  d e s c r i p t i o n s  p r e s e n te d  s h o u ld  e n a b le  
o t h e r  w o rk e rs  to  i d e n t i f y  t h e  same m y c o r r h iz a s .
I n  a n y  d e s c r i p t i o n  o f  a  s y m b io t ic  o rg a n  th e  i d e n t i t y  o f  b o th  p a r t n e r s  
s h o u ld  i d e a l l y  b e  known. I n  t h i s  c o n te x t  a  num ber o f  w o rk e rs  h a v e  a t te m p te d  
t o  i d e n t i f y  f u n g a l  sy m b io n ts  w i th o u t  r e c o u r s e  to  m o rp h o lo g ic a l  f e a t u r e s  
o f  t h e  m y c o r r h iz a .  Thoen ( l9 7 0 ,  1977) p ro p o se d  t h a t  t h i n  l a y e r  
c h ro m a to g ra p h y  o f  p ig m e n ts  s h o u ld  b e  u s e d .  C hrom atogram s o f  e x t r a c t s  o f  
s h e a th in g  m y c o r rh iz a s  w ould  b e  com pared  w ith  th o s e  o f  i d e n t i f i e d  m y c o r r h iz a s  
an d  s p o r o c a r p s .  S e v io u r ,  W il l in g  & C h i lv e r s  ( l 973) u s e d  f l u o r e s c e n t  
a n t i b o d ie s  to  r e l a t e  b a s id io c a r p s  o f  a  C la v a r i a  s p .  to  t h e  m y c o r r h iz a l  
fu n g u s  i n  th e  r o o t s  o f  a z a l e a s .  S c h m id t, B re s b ro c k , B o h lo o l & M arx ( l 974) 
d e v e lo p e d  a  f l u o r e s c e n t  a n t ib o d y  te c h n iq u e  w h ich  h a s  b een  u t i l i s e d  by  
M arx & B ryan  ( l9 7 5 )  to  i d e n t i f y  t h e  s h e a th in g  m y c o r rh iz a s  T. t e r r e s t r i s /
P . t a e d a  and  P . t i n c t o r i u s / P . t a e d a . Im m u n o flu o resc e n ce  w ou ld  a l s o  a l lo w
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th e  i d e n t i f i c a t i o n  o f  t h e  h y p h ae  an d  m y c e l ia l  c o rd s  o f  m y c o r r h iz a l  f u n g i .
Thus t h e  a c t i v i t y  o f  m y c o r r h iz a l  f u n g i  i n  s o i l  a p a r t  from  m y c o r rh iz a s  
c o u ld  b e  a s s e s s e d ,
1 4 .2  D i s t r i b u t i o n  o f  m y c o r rh iz a s
.Of t h e  m y c o r rh iz a s  d e s c r ib e d  i n  t h i s  w ork L . l a c c a t a , T. t e r r e s t r i s  
and  t h e  ’ E - s t r a in *  g ro u p  o f  f u n g i  h a v e  p r e v i o u s ly  been  fo u n d  i n  n u r s e r i e s  
( F a s s i  & F o n ta n a , 1966; L a ih o , 1965; M ik o la , 1965; T rap p e  & S t r a n d ,  1969; 
W ilc o x , Ganmore-Neumann & Wang, 1974; Zak & B ry an , 1 9 6 3 ) .
One o f  t h e  m ain  p io n e e r  s h e a th in g  m y c o r r h iz a l  f u n g i  fo u n d  i n  w a s te la n d  
and  s t e r i l e  s o i l  i s  T. t e r r e s t r i s  ( Schramm, 1966; M arx, B ryan & G ran d , 1 9 7 0 ) . 
T . t e r r e s t r i s  an d  L. l a c c a t a  a r e  c o n s id e r e d  to  be  u b iq u i to u s  f a c u l t a t i v e  
m y c o r r h iz a l  f u n g i ,  w h ich  a r e  r e p l a c e d  when m ore s p e c i f i c  m y c o r r h iz a l  f u n g i  
a r e  in t r o d u c e d  (Zak & M arx, 19,64; M ik o la , 1 9 7 0 ) . However T ra p p e  ( l 962) 
h a s  r e c o r d e d  th e  p r e s e n c e  o f  t h e s e  f u n g i  i n  m a tu re  s t a n d s .
M ik o la  ( 1 9 6 5 ) c o n s id e r s  t h a t  t h e  * E - s t r a in *  f u n g i  a r e  t y p i c a l  o f  
n u r s e r i e s  o f  n o n - f o r e s t  s o i l  and  t r i a l s  bey^ond th e  n u r s e r y  s t a g e  show  t h a t  
th e y  a r e  r e p l a c e d  by  m ore n o rm a l s h e a th in g  m y c o r r h iz a s .  M arks & F o s t e r  
( 1967 ) c o n c lu d e d  t h a t  an  i n t e r r u p t i o n  o f  r o o t  g row th  was n e c e s s a r y  b e f o r e  
r e p la c e m e n t  o c c u r r e d .  T h ese  i n t e r r u p t i o n s  may b e  due  t o  p e r io d s  o f  r o o t  
dorm ancy  a s s o c i a t e d  w i th  f l u c t u a t i o n s  i n  s o i l  m o is tu r e  l e v e l s .  R e p la c e m e n t 
o f  t h e  * E - s t r a in *  s h e a th in g  m y c o r rh iz a s  h a^  b e e n  shown, i n  t h i s  s tu d y ,  t o  
o c c u r  i n  t h e  n u r s e r y  even  i n  t h e  f i r s t  y e a r  o f  g ro w th . T h is  r e p la c e m e n t  
i s  s p o r a d i c ,  t h e  o c c u r r e n c e  o f  o t h e r  ty p e s  o f  m y c o r rh iz a s  among th e  
t r a n s p l a n t s  an d  s e e d l in g s  i s  s i m i l a r  to  t h a t  d e s c r ib e d  by  T ra p p e  & S t r a n d  
( 1969 ) an d  may b e  due  to  e i t h e r  th e  s p o r a d ic  p r e s e n c e  o f  v i a b l e  v e g e t a t i v e  
p ro p o g u le s  i n  t h e  s o i l  o r  b a s id io s p o r e  i n o c u l a t i o n  from  s p o r o c a r p s  w i t h in  
o r  o u t s i d e  t h e  n u r s e r y .  R o b e r ts o n  ( l9 5 4 )  h a s  d e m o n s tra te d  th e  e a s e  w ith  
w h ich  b a s id i o s p o r e s  may c a u s e  m y c o r r h iz a l  c o l o n i z a t i o n .  I n  t h i s  s tu d y  
s p o r o c a r p s  o f  _T. t e r r e s t r i s  and  L. l a c c a t a  h a v e  b een  fo u n d  in  t h e  n u r s e r y  
a s s o c i a t e d  w i th  t r a n s p l a n t s  o f  P . s i t c h e n s i s .
The p re d o m in a n c e  o f  th e  * E - s t r a in *  f u n g i  i n  th e  n u r s e r y  m ay b e  d u e  
i n  p a r t  t o  t h e  p r o d u c t io n  o f  c h la m y d o sp o re s . T h is  w ould  f a c i l i t a t e  s u r v i v a l
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o f  t h e s e  f u n g i  i n  th e  n u r s e r y  s o i l  i n  w h ich  t h e r e  i s  n o t  a  c o n t i n u i t y  
o f  l i v e  r o o t s .
A lth o u g h  se v e n  d i f f e r e n t  ty p e s  o f  s h e a th in g  m y c o r rh iz a s  h a v e .b e e n  
fo u n d , o th e r  ty p e s  c o u ld  b e  p r e s e n t  S am p ling  h a s  i n d i c a t e d  t h a t  some 
m y c o r rh iz a s  c a n  o c c u r  v e r y  s p o r a d i c a l l y ,  o f t e n  b e in g  c o n f in e d  to  a  s m a l l  
p o r t i o n  o f  t h e  n u r s e r y ,  f r e q u e n t l y  l o c a l i z e d  upon  a  few  r o o t s  o f  an  
i n d i v i d u a l  s e e d l i n g  o r  t r a n s p l a n t .
S in c e  o n ly  two s p o ro c a r p s  o f  m y c o r r h iz a l  f u n g i  w ere  fo u n d  
a s s o c i a t e d  w i th  P . s i t c h e n s i s  t r a n s p l a n t s  in  t h i s  s tu d y ,  r e c o r d in g  
m y c o r r h iz a l  a s s o c i a t i o n s  by  f r u i t b o d y  o c c u r r e n c e  w ould  h a v e  b een  
m is le a d in g  a s  t h e  m o st f r e q u e n t l y  o c c u r r in g  s h e a th in g  m y c o r rh iz a s  w ere  
Types 6 and  7, fo rm ed  b y  two c u l t u r a l l y  d i s t i n c t  i s o l a t e s  o f  t h e  * E - s t r a in *  
g roup  o f  f u n g i .
1 4 .3  A s e p t ic  s y n th e s i s
The d r y  w e ig h t  o f  s e e d l in g  r o o t s  h a s  been  shown to  d e c r e a s e  w i th  
i n c r e a s i n g  l e v e l s  o f  N ( L i s t e r ,  S l a n k i s ,  K ro tk o v  & N e ls o n , 1968;
P r i t c h e t t ,  1 9 7 3 ) . BjÛrkman ( l9 7 0 ) .  L i s t e r  ^ a l  ( l9 6 8 ) ,  R ic h a rd s  ( l 9 6 l )  
and  T heodo rou & Bowen ( l9 6 9 )  h a v e  shown t h a t  h ig h  l e v e l s  o f  N i n h i b i t  
m y c o r r h iz a l  f o r m a t io n .  I n g e s ta d  ( l9 5 9 )  h a s  shown t h a t  t h e  l e v e l  o f  N 
f o r  optim um  r o o t  g ro w th  w i th  P . a b ie s  was 50 p .p .m . .  I n  t h e s e  a s e p t i c  
s y n th e s i s  e x p e r im e n ts  t h e  l e v e l  o f  N was 200 p .p .m . f o l lo w in g  th e  t e c h n iq u e s  
d e v e lo p e d  b y  Mason ( l9 7 5 ) .  T h is  w ould  a c c o u n t  f o r  t h e  s m a ll  num ber o f  
m y c o r rh iz a s  fo rm ed .
I n  t h e  a s e p t i c  tu b e  c u l t u r e  s y n th e s i s  e x p e r im e n ts  t h e  m o rp h o lo g y  
o f  t h e  s y n th e s i s e d  m y c o r rh iz a s  was anom alous when g lu c o s e  was p r e s e n t  
i n  th e  I n g e s ta d  m edium . I n  many c a s e s  t h e  f u n g a l  s h e a th  was much w id e r  
th a n  th e  n a t u r a l  t y p e s ,  t h e  c o r t i c a l  c e l l s  w ere  s e p a r a te d  by  f u n g a l  
t i s s u e  and  f r e q u e n t l y  c o n ta in e d  i n t r a c e l l u l a r  h y p h a e . No H a r t i g  n e t  
w as fo rm ed  i n  a n y  o f  t h e s e  s y n th e s i s e d  m y c o r r h iz a s .  However when g lu c o s e  
was o m it te d  from  th e  medium th e  s y n th e s i s e d  m y c o r rh iz a s  c l o s e l y  re s e m b le d
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th e  n a t u r a l  t y p e s .  G re a t  c a r e  m u st t h e r e f o r e  be  ta k e n  n o t  o n ly  i n  
r e l a t i n g  th e  m o rp h o lo g y  o f  a s e p t i c a l l y  s y n th e s i s e d  m y c o r rh iz a s  w ith  
n a t u r a l  m y c o r r h iz a s ,  b u t  a l s o  i n  i n t e r p r e t i n g  th e  r e s u l t s  o f  
p h y s io l o g i c a l  e x p e r im e n ts  c a r r i e d  o u t  u s in g  s y n th e s i s e d  m y c o r r h iz a s .
W ith  g lu c o s e  i n  t h e  medium th e  fu n g u s  d o e s  n o t  h a v e  to  d ep en d  upon  
t h e  s e e d l i n g  f o r  a  s u p p ly  o f  c a r b o h y d r a te .  Thus t h e  b a la n c e  o f  t h e  
s y m b io t ic  r e l a t i o n s h i p  i s  a l t e r e d  i n  f a v o u r  o f  t h e  fu n g u s  w h ich  can  
th e n  m ore a c t i v e l y  in v a d e  th e  r o o t  t i s s u e s .  T hese  o b s e r v a t io n s  a r e  
b a se d  upon  w ork w ith  n u r s e r y  m y c o r r h iz a l  f u n g i  some o f  w h ich  may w e l l  
b e  f a c u l t a t i v e  sy m b io n ts  (M ik o la , 1 9 7 0 ) , m ore r e a d i l y  i n f lu e n c e d  by  t h e  
n u t r i e n t  medium u s e d  th a n  o b l i g a t e  m y c o r r h iz a l  f u n g i .
A l l  t h e  f u n g a l  i s o l a t e s  s u s p e c te d  o f  b e in g  m y c o r r h iz a l  f u n g i  by  
c o m p a riso n  o f  t h e  h y p h a l m o rp h o lo g y  o f  t h e  i s o l a t e s  w ith  t h e  h y p h a e  
o f  t h e  o r i g i n a l  m y c o r rh iz a s  w ere  u s e d  to  s y n th e s i s e  m y c o r r h iz a s .  I n  
a l l  c a s e s  t h e  m y c o r rh iz a s  fo rm ed  in  th e  g lu c o s e  f r e e  m edium , b o th  tu b e  
an d  f l a s k  c u l t u r e ,  re s e m b le d  th e  o r i g i n a l  m y c o r r h iz a s .  Thus t h e  i s o l a t e s  
c a n  b e  assum ed to  b e  t h e  r e l a t i v e  m y c o r r h iz a l  f u n g i .
1 4 .4  E f f e c t  o f  m y c o r r h iz a l  f u n g i  on th e  g row th  and  n u t r i e n t  
s t a t u s  o f  P . s i t c h e n s i s  s e e d l in g s
The r e s u l t s  o f  t h e  f i e l d  e x p e r im e n t and  th e  g re e n h o u s e  e x p e r im e n t  
w i th  f o r e s t  s o i l  c l e a r l y  d e m o n s tra te  t h a t  u n d e r  n u t r i e n t  l i m i t i n g  c o n ­
d i t i o n s  l a r g e  d i f f e r e n c e s  i n  d r y  w e ig h t ,  s h o o t  l e n g th  an d  n u t r i e n t  c o n te n t  
can  o c c u r  a f t e r  i n o c u l a t i o n  w ith  m y c o r r h iz a l  f u n g i .  .This i n c r e a s e  i n  
d r y  w e ig h t due  to  m y c o r r h iz a l  i n o c u l a t i o n  and  t h e  d i f f e r e n t i a l  e f f e c t  o f  
m y c o r r h iz a l  f u n g i  h a v e  been  r e c o r d e d  many t im e s  (Lamb & R i c h a r d s ,1971 & 
1974; T heodo rou  & Bowen, 1970; Vozzo & H a c s k a y lo , 1 9 7 l ) .
The d i s p r o p o r t i o n a t e  i n c r e a s e  i n  t h e  am ount o f  m in e r a l  n u t r i e n t s  
in  m y c o r r h iz a l  p l a n t s  a s  r e c o r d e d  b y  p r e v io u s  w o rk e rs  (T a b le  2) h a s  
n o t  b een  fo u n d  i n  t h i s  w ork . A num ber o f  s t u d i e s  h av e  shown t h a t  a l th o u g h
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m y c o r r h iz a l  i n o c u l a t i o n  w i l l  c a u s e  an  i n c r e a s e  i n  d r y  m a t t e r  p r o d u c t io n  
t h i s  i s  n o t  a lw a y s  acco m p an ied  by  an  i n c r e a s e  i n  t h e  n u t r i e n t  c o n c e n t r a t io n  
o f  t h e  s e e d l i n g ,  F in n  ( l9 4 2 )  h a s  shown t h a t  a l th o u g h  t h e  p e r c e n ta g e  o f  
N an d  K was s i g n i f i c a n t l y  g r e a t e r  i n  m y c o r r h iz a l  p l a n t s ,  t h e  p e r c e n ta g e  
o f  P was n o t  s i g n i f i c a n t l y  d i f f e r e n t  from  n o n -m y c o r rh iz a l  p l a n t s .
M arx & B ryan  (1975 ) fo u n d  t h a t  a l th o u g h  m y c o r r h iz a l  i n o c u l a t i o n  s i g n i f i c a n t l y  
i n c r e a s e d  th e  d r y  w e ig h t  o f  s e e d l i n g s  t h e  n u t r i e n t  s t a t u s  was n o t  
s i g n i f i c a n t l y  d i f f e r e n t  from  t h e  u n in o c u la te d  c o n t r o l s .  R e c a lc u l a t i o n  
o f  t h e  r e s u l t s  o f  T heodorou  & Bowen ( l9 7 0 )  showed t h a t  a l th o u g h  S u i l l u s  
g r a n u la tu s  i n c r e a s e s  t h e  d r y  w e ig h t  o f  P in u s  r a d i a t a  in  c o m p a riso n  to  
t h e  u n in o c u la te d  c o n t r o l  i t  a l s o  d e c r e a s e s  t h e  p e r c e n ta g e  o f  P . S im i la r  
i n c r e a s e s  i n  d r y  w e ig h t  acco m p an ied  by  d e c r e a s e s  i n  n u t r i e n t  c o n c e n t r a t i o n s  
w ere  a l s o  r e c o r d e d  by  Lamb & R ic h a rd s  (1 9 7 1 ) . I n  t h i s  s tu d y  t h e  
u n in o c u l a te d  s e e d l i n g s  h a d  s i g n i f i c a n t l y  g r e a t e r  N, P an d  K c o n c e n t r a t i o n s  
th a n  some o f  t h e  i n o c u l a te d  s e e d l i n g s .  The m y c o r rh iz a s  o f  i n o c u l a te d  
s e e d l i n g s  c a n  a b s o rb  r e a d i l y  s o l u b l e  io n s  m ore e f f e c t i v e l y  th a n  u n i n f e c t e d  
r o o t s  (Bowen, 1 9 7 3 ) , t h e s e  a b s o rb e d  io n s  w ould  b e  u t i l i z e d  to  i n c r e a s e  
t h e  b io m ass  o f  t h e  s e e d l i n g s .  M ason, Pelham  & L a s t  ( l9 7 7 )  h a v e  shown t h a t  
B e tu la  v e r r u c o s a  s e e d l i n g s  i n o c u la te d  w ith  A m anita  m u s c a r ia  w ere  
m o r p h o lo g ic a l ly  m ore m a tu re  th a n  s m a l le r  u n in o c u l a te d  s e e d l i n g s .  The 
m y c o r r h iz a l  s e e d l in g s  h ad  m ore u n ifo rm  an d  p r o b a b ly  t h i c k e r  s e c o n d a ry  
th ic k e n in g  o f  t h e  xy lem , r e l a t i v e l y  a d v an ced  d e v e lo p m en t o f  t h e  b a rk  
an d  i n c r e a s e d  s t a r c h  c o n te n t  o f  t h e  ph loem , parenchym a an d  p i t h .  The 
i n c r e a s e  i n  s t a r c h ,  c e l l u l o s e  and  l i g n i n  accom pany ing  t h i s  m o rp h o lo g ic a l  
m a t u r i t y  may h a v e  a  d i l u t i n g  e f f e c t  upon  t h e  n u t r i e n t  c o n c e n t r a t i o n .
R u s s e l l  ( 1974 ) fo u n d  t h a t  m u s ta rd  grown u n d e r  n i t r o g e n  l i m i t i n g  c o n d i t i o n s  
re s p o n d e d  to  t h e  a d d i t i o n  o f  n i t r o g e n  f e r t i l i z e r  by  an  i n c r e a s e  i n  d r y  
m a t t e r  p r o d u c t io n  acco m p an ied  by  a  d e c r e a s e  i n  t h e  p e r c e n ta g e  o f  n i t r o g e n  
i n  t h e  p l a n t .  T h is  was b e c a u s e  t h e  e x t r a  d r y  m a t t e r  w h ich  t h e  ad d ed  
n i t r o g e n  s t i m u la t e d  th e  p l a n t  to  p ro d u c e  e .g .  c e l l u l o s e ,  h a s  a  lo w e r 
n i t r o g e n  c o n te n t  th a n  t h a t  p ro d u c e d  by  a  n i t r o g e n  s t a r v e d  p l a n t .
S te e n b je r g  ( l9 5 4 )  h a s  shown t h a t  n u t r i e n t s  p r e s e n t  i n  l i m i t i n g  c o n c e n t r a t i o n s  
show f i r s t  a  d e c r e a s e ,  and  th e n  an  i n c r e a s e  i n  p e r c e n ta g e  c o n c e n t r a t i o n  
w i th  i n c r e a s i n g  w e ig h t  o f  d r y  m a t t e r  p r o d u c t io n  a s  a  r e s u l t  o f ' t r e a tm e n t  
w i th  i n c r e a s i n g  am ounts o f  t h e  l i m i t i n g  n u t r i e n t .  I t  i s  p o s t u l a t e d  t h a t  
t h e  u p ta k e  o f  n u t r i e n t s  by  i n o c u la te d  s e e d l in g s  was s u f f i c i e n t  to  a l lo w
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an  i n c r e a s e  i n  d r y  m a t t e r  p r o d u c t io n  b u t  n o t  enough to  i n c r e a s e  
n u t r i e n t  c o n c e n t r a t i o n .  The d i f f e r e n t i a l  e f f e c t  o f  t h e  m y c o r r h iz a l  
i n o c u la  was p r o b a b ly  du e  to  t h e  d i f f e r e n c e s  i n  e f f e c t i v e n e s s  o f  t h e  
m y c o r r h iz a l  f u n g i .  S e e d l in g s  i n o c u la te d  w ith  f u n g i  m ore e f f e c t i v e  
a t  a b s o r b in g  n u t r i e n t s ,  o r  a b s o rb in g  th e  n u t r i e n t s  w h ich  a r e  l i m i t i n g ,  
w i l l  p ro d u c e  m ore  d r y  m a t t e r .  I t  i s  p o s s i b l e  t h a t  t h e  c o n c e n t r a t i o n  o f  
o t h e r  n u t r i e n t s  b e s id e s  N, P , K an d  Mg may h a v e  been  d e f i c i e n t  i n  t h e  
B r a m s h i l l  f o r e s t  s o i l  and  th e  I r o n h i l l  n u r s e r y  s o i l .  The u p ta k e  o f  a n y  
e le m e n t w i th  s lo w  t r a n s p o r t  i n  t h e  s o i l  w i l l  p ro b a b ly  b e  im proved  b y  
m y c o r rh iz a s  i f  th e  e le m e n t i s  a b s o rb e d  and  t r a n s l o c a t e d  b y  th e  f u n g a l  
h y p h a e .
The n u r s e r y  s o i l  u s e d  i n  t h e  g re e n h o u se  e x p e rim e n t w as d e f i c i e n t  
i n  N and  f e r t i l i z e d  w ith  P , K and  Mg. N i t r a t e  h a s  b een  shown to  i n h i b i t  
m y c o r r h iz a l  d e v e lo p m en t (R ic h a r d s ,  1961; T heodorou  & Bowen, 1 9 6 9 ) .
T h e re  was s i g n i f i c a n t  r e d u c t io n  o f  s e e d l in g  d r y  w e ig h t  w i th  some o f  t h e  
f u n g a l  i n o c u la  i n  c o m p a riso n  to  t h e  u n i n o c u la te d  c o n t r o l .  A s i m i l a r  
r e s u l t  was r e p o r t e d  b y  T ra p p e  ( l9 7 7 )  w id e r  f e r t i l e  n u t r i e n t  c o n d i t i o n s .  
T h is  e f f e c t  i s  m ost l i k e l y  due  to  t h e  m y c o r r h iz a l  f u n g i  o b t a in in g  
p h o to s y n th a te  from  t h e  s e e d l in g  w h ich  w ould  o th e r w is e  h a v e  b een  u t i l i z e d  
i n  s e e d l i n g  b io m ass  p r o d u c t io n .  M i t c h e l l  ^  ^  ( l9 3 7 )  h a v e  shown t h a t  
a d d i t i o n  o f  f e r t i l i z e r  can  e l i m i n a t e  t h e  m y c o r r h iz a l  r e s p o n s e  i n  te rm s  
o f  d r y  w e ig h t  i n  n u t r i e n t  d e f i c i e n t  s o i l s .  However i n  t h i s  w ork a l th o u g h  
t h e  u n in o c u la te d  s e e d l in g s  h a d  g r e a t e r  b io m a ss , some o f  t h e  s m a l le r  
i n o c u l a te d  s e e d l i n g s  h a d  g r e a t e r  N, P an d  K c o n te n t  a n d  c o n c e n t r a t i o n ,  
u n l i k e  t h e  s m a l le r  s e e d l in g s  i n  th e  i n f e r t i l e  s o i l s  w h ich  h a d  g r e a t e r  
n u t r i e n t  c o n c e n t r a t i o n  b u t  l e s s  N, P and  K c o n te n t .  .T h e re  w e re  a l s o  
s i g n i f i c a n t  d i f f e r e n c e s  be tw een  in o c u la te d  s e e d l in g s  i n  N, P and  K 
c o n te n t  a n d  c o n c e n t r a t i o n  du e  to  d i f f e r e n c e s  i n  t h e  e f f e c t i v e n e s s  o f  
t h e  m y c o r r h iz a l  f u n g i .
The d r y  w e ig h ts  and  s h o o t  l e n g th s  o f  s e e d l i n g s  i n o c u l a t e d  w i th  
L. l a c c a t a  an d  T. t e r r e s t r i s  grown in  f o r e s t  s o i l  w ere  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  from  th o s e  grown i n  f e r t i l i z e d  n u r s e r y  s o i l .  How ever t h e  d r y  
w e ig h ts  an d  s h o o t  l e n g th s  o f  s e e d l in g s  in o c u la te d  w ith  i s o l a t e s  A2 » A^ 
o r  B.^  w ere  s i g n i f i c a n t l y  s m a l le r  i n  f o r e s t  s o i l  th a n  i n  f e r t i l i z e d  
n u r s e r y  s o i l .
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In  t h e  f i e l d  e x p e r im e n t , u n d e r  n u t r i e n t  l i m i t i n g  c o n d i t io n s  
L. l a c c a t a  and  T. t e r r e s t r i s  s i g n i f i c a n t l y  i n c r e a s e d  d r y  w e ig h ts ,  
s h o o t  l e n g th s  an d  n u t r i e n t  c o n te n t  o f  s e e d l in g s  i n  c o m p a riso n  to  th e  
o th e r  i n o c u la .  U nder g re e n h o u se  c o n d i t io n s  t h e r e  was no s i g n i f i c a n t  
d i f f e r e n c e  i n  s e e d l in g  d r y  w e ig h t o r  s h o o t  l e n g th  when i n o c u la te d  w ith  
e i t h e r  L. l a c c a t a  o r  T. t e r r e s t r i s , how ever u n d e r  f i e l d  c o n d i t io n s  
s e e d l in g s  i n o c u la te d  w i th  L. l a c c a t a  w ere  s i g n i f i c a n t l y  l a r g e r  th a n  
th o s e  i n o c u l a te d  w i th  T. t e r r e s t r i s . Thus t h e  e f f e c t i v e n e s s  o f  d i f f e r e n t  
m y c o r r h iz a l  f u n g i  a p p e a r s  t o  v a r y  w i th  e d a p h ic  c o n d i t i o n s .
M y c o r rh iz a l  i n o c u l a t i o n  u s u a l l y  c a u s e s  a  d im in u t io n  o f  t h e  r/ s 
r a t i o  (H a r le y ,  1 9 7 2 ) . I n  t h i s  w ork th e  r/ s r a t i o s  o f  s e e d l i n g s  grown 
u n d e r  n u t r i e n t  d i f i c i e n t  c o n d i t io n s  w ere  i n  g e n e r a l  s m a l le r  th a n  th o s e  
o f  u n in o c u l a te d  s e e d l i n g s ,  how ever o n ly  s e e d l in g s  i n o c u l a te d  w i th  L. 
l a c c a t a  and  T. t e r r e s t r i s  w ere  s i g n i f i c a n t l y  s m a l l e r .  I n  f e r t i l i z e d  
s o i l  t h e  r/ s r a t i o s  o f  i n o c u la te d  s e e d l in g s  w ere  i n  g e n e r a l  l a r g e r  th a n  
t h e  u n in o c u l a te d  s e e d l i n g s .  The s m a l l e s t  R /s  r a t i o  was a s s o c i a t e d  w i th  
s e e d l i n g s  i n o c u la te d  w ith  i s o l a t e  , how ever i n  t h i s  c a s e  o n ly  13'7%  
o f  t h e  s e e d l in g  ( ro o ts  w ere  m y c o r r h iz a l .  L i s t e r  ^  ^  ( l9 6 8 )  fo u n d  t h a t  
t h e  s e e d l i n g s  w i th  t h e  g r e a t e s t  num ber o f  m y c o r rh iz a s  w ere  th o s e  w i th  
t h e  h i g h e s t  r/ s r a t i o ,  how ever t h e s e  r e s u l t s  w ere  b a s e d  upon  f r e s h  
w e ig h t  m e a su re m e n ts .
1 4 .5  M y c o r rh iz a l  i n o c u l a t i o n
N o n -m y c o rrh iz a l  s e e d l in g s  grown in  f e r t i l i z e d  s o i l  u n d e r  s a n i -  
a s e p t i c  c o n d i t io n s  w ere  s i g n i f i c a n t l y  l a r g e r  th a n  i n o c u l a te d  s e e d l i n g s .  
However some o f  th e  i n o c u la te d  s e e d l in g s  had  g r e a t e r  N and  P c o n c e n t r a t i o n s  
th a n  u n in o c u la te d  s e e d l i n g s .  B e n z ian  & F re a n a n  ( l9 6 7 )  h a v e  shown t h a t  
s e e d l i n g s  r i c h  i n  n u t r i e n t s  a r e  m ore  r e s i s t a n t  to  autum n f r o s t  an d  a l s o  
grow  s l i g h t l y  b e t t e r  i n  t h e  f o l lo w in g  y e a r  th a n  s e e d l i n g s  o f  a  c o m p a ra b le  
h e ig h t  b u t  w i th  lo w er n u t r i e n t  c o n c e n t r a t i o n s .  The m a j o r i t y  o f  i n o c u l a t e d  
s e e d l i n g s  grown in  i n f e r t i l e  s o i l  w e re  s i g n i f i c a n t l y  l a r g e r  th a n  
u n in o c u l a te d  s e e d l i n g s .  M e lin  ( l9 1 7 )  n o te d  t h a t  w h i le  P . s y l v e s t r i s  
an d  P . a b ie s  t r a n s p l a n t s  u s e d  f o r  a f f o r e s t i n g  f r e s h l y  d r a in e d  p e a t  bogs 
w ere  w i th o u t  m y c o r rh iz a s  th e y  re m a in e d  s tu n t e d .  G row th a c c e l e r a t e d  a s  
soon  a s  m y c o r rh iz a s  b egan  to  a p p e a r .  Thus u n d e r  f e r t i l e  an d  i n f e r t i l e  
c o n d i t i o n s  i t  w ould  be  a d v a n ta g e o u s  f o r  t h e  s e e d l i n g s  to  b e  m y c o r r h iz a l .
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I n  t h e  n u r s e r y  s tu d i e d  th e  m a j o r i t y  o f  s h e a th in g  m y c o r rh iz a s  w ere  
fo rm ed  by  th e  * E - s t r a in *  g roup  o f  f u n g i .  M ik o la  (1 9 6 5 , 1967) an d  L a ih o  
( 1965 ) h a v e  shown t h a t  m y c o r rh iz a s  fo rm ed  by  t h e  * E - s t r a in *  f u n g i  a r e  
d o m in an t i n  f e r t i l e  n u r s e r y  c o n d i t io n s  a s  w e l l  a s  i n  f e r t i l e  t r a n s p l a n t  
s i t e s  e .g .  a g r i c u l t u r a l  s o i l s .  T h is  dom inance  s u g g e s t s  t h a t  t h e y  a r e  
a d a p te d  to  t h e  n u r s e r y  e d a p h ic  c o n d i t io n s  a n d /o r  t h e  p h y s io l o g i c a l  
c o n d i t io n s  o f  th e  s e e d l i n g .
U nder n u t r i e n t  d e f i c i e n t  c o n d i t io n s  s e e d l in g s  i n o c u l a te d  w i th  t h e  
* E - s t r a in *  f u n g i  w ere  s i g n i f i c a n t l y  s m a l le r  th a n  th o s e  i n o c u l a te d  w ith  
T. t e r r e s t r i s  an d  L. l a c c a t a . T h is  t o g e t h e r  w i th  th e  e a s e  o f  r e p la c e m e n t  
o f  t h e  * E - s t r a in *  m y c o r rh iz a s  b y  o t h e r  m y c o r rh iz a s  b o th  i n  t h e  n u r s e r y ,  
a s  r e c o r d e d  i n  t h i s  s tu d y ,  and  t h e  t r a n s p l a n t  s i t e  (M ik o la , 1965) 
i n d i c a t e s  t h a t  i n o c u l a t i o n  o f  s e e d l in g s  w ith  m ore e f f e c t i v e  m y c o r rh iz a s  
may im p ro v e  e s ta b l i s h m e n t  and  s u b s e q u e n t  g ro w th . The f i e l d  r e s p o n s e  to  
i n o c u l a t i o n  w i l l  b e  l a r g e l y  d e p e n d e n t upon  t h e  th e  n a t u r a l  o c c u r r e n c e  
o f  f u n g i  c a p a b le  o f  fo rm in g  m y c o r rh iz a s  w i th  t h e  t r a n s p l a n t e d  t r e e  s p e c i e s .  
- I n o c u l a t i o n  o f  s e e d l i n g s  to  be t r a n s p l a n t e d  i n t o  an  a r e a  c o n ta in in g  a  h ig h  
p o p u la t io n  o f  e f f e c t i v e  m y c o r r h iz a l  f u n g i  may w e l l  be  i n e f f e c t i v e  and  
u n n e c e s s a r y  (T heo d o ro u  & Bowen, 1 9 7 0 ) . The s h o r t  r o o t s  o f  c o n t a i n e r i s e d  
P . t a e d a  s e e d l i n g s ,  p l a n t e d  in  c l e a r e d  f o r e s t  a r e a s ,  becam e m y c o r r h iz a l  
a s  t h e y  grew  o u t  i n t o  t h e  s u r ro u n d in g  s o i l  ( f a i n t e r  and  W a ls ta d  \1 9 7 7 ) .
Thus a s s e s s m e n t  o f  t h e  m y c o r r h iz a l  s t a t u s  o f  t h e  t r a n s p l a n t  s i t e  m u st b e  
m ade p r i o r  to  an  i n o c u l a t i o n  program m e.
I n o c u l a t i o n  o f  n u r s e r y  s o i l  w i th  m y c o r r h iz a l  f u n g i  i s  l i k e l y  to  b e  
s u c c e s s f u l  o n ly  i f  acco m p an ied  b y  p a r t i a l  s o i l  s t e r i l i z a t i o n ,  t o  e r a d i c a t e  
t h e  in d ig e n o u s  m y c o r r h iz a l  f u n g i  and  o t h e r  m ic r o b ia l  c o m p e t i t o r s .  I n  t h i s -  
s tu d y  Dazom et p ro v e d  to  b e  a  s u c c e s s f u l  s o i l  s t e r i l a n t .  The o c c u r r e n c e  o f  
t e r r e s t r i s  m y c o r rh iz a s  on c o n t r o l  s e e d l in g s  grown i n  f o r e s t  s o i l  u n d e r  
g re e n h o u s e  c o n d i t io n s  was p r o b a b ly  due  to  b a s id io s p o r e  i n o c u l a t i o n  from  
s p o r o c a r p s .
The c h o ic e  o f  m y c o r r h iz a l  i n o c u la  may depend  upon  th e  t r a n s p l a n t  
s i t e .  A lth o u g h  t h e r e  a r e  u b iq u i to u s  m y c o r r h iz a l  f u n g i ,  d i f f e r e n t  s i t e s  
may h a v e  s p e c i f i c  m y c o r r h iz a l  f u n g i  a s s o c i a t e d  w i th  them  and  b e s t  a d a p te d
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t o  them . M arx ( l9 7 5 a )  fo u n d  t h a t  P . t i n e t o r i u s  p re d o m in a te s  on th e  r o o t s  
o f  P in u s  and  B e tu la  s p p . on a  num ber o f  c o a l  and  s t r i p  m ined  K a o lin  w a s te  
s i t e s .  L a ih o  ( l9 7 0 )  fo u n d  t h a t  P . i n v o lu tu s  was f r e q u e n t  on s i t e s  o f  
h ig h  o r g a n ic  c o n te n t .  Thus t h e  d o m in an t m y c o r r h iz a l  f u n g i  i n  a  t r a n s p l a n t  
s i t e  w i l l  be  th o s e  a d a p te d  to  t h e  s i t e s  e d a p h ic  c o n d i t i o n s .  F a c to r s  t h a t  
a r e  l i k e l y  t o  b e  im p o r ta n t  i n  t h e  f i n a l  c h o ic e  o f  m y c o r r h iz a l  in o c u la  
i n c lu d e  pH t o l e r a n c e ,  d ro u g h t  t o l e r a n c e ,  t e m p e r a tu r e  t o l e r a n c e  and t o l e r a n c e  
to  h ig h  o r g a n ic  c o n te n t  o f  s o i l s .
A f t e r  s e l e c t i o n  o f  t h e  f u n g a l  s p e c i e s  m o st s u i t a b l e  f o r  t h e  t r a n s p l a n t  
s i t e ,  a  num ber o f  i s o l a t e s  o f  each  s p e c i e s  m u st b e  t e s t e d .  T heodorou  
& Bowen ( l9 7 0 )  h a v e  shown t h a t  t h e r e  w ere  s i g n i f i c a n t  d i f f e r e n c e s  b e tw e en  
t h e  d r y  w e ig h ts  o f  P . r a d i a t a  s e e d l in g s  i n o c u l a t e d  w ith  d i f f e r e n t  i s o l a t e s  
o f  R. l u t eo l u s .
The f o r m a t io n  o f  m y c e l ia l  c o rd s  by  th e  fu n g u s  was s u g g e s te d  a s  a  
p r e r e q u i s i t e  i n  t h e  c h o ic e  o f  m y c o r r h iz a l  in o c u la  b y  Bowen (1 9 7 3 ) .
M y c e l ia l  c o rd s  e n a b le  e x p l o i t a t i o n  o f  l a r g e  s o i l  vo lum es an d  may t h e r e f o r e  
i n c r e a s e  n u t r i e n t  u p ta k e  by  e x te n d in g  th ro u g h  r e g io n s  o f  n u t r i e n t  d e p l e t i o n  
( s k in n e r  & Bowen, 1 9 7 4 a ) . The g ro w th  o f  m y c e l ia l  c o rd s  i n t o  s o i l  h a s  
b een  shown to  b e  i n f lu e n c e d  by  s o i l  f a c t o r s  and  t h e  p a r t i c u l a r  i s o l a t e  
Df t h e  t e s t  fu n g u s  u s e d  (S k in n e r  & Bowen, 1 .974b). I n  t h i s  s tu d y ,  u n d e r  
n u t r i e n t  d e f i c i e n t  s o i l  c o n d i t i o n s ,  s e e d l i n g s  in o c u la te d  w i th  T. t e r r e s t r i s  
w e re  s i g n i f i c a n t l y  l a r g e r  th a n  th o s e  i n o c u l a te d  w i th  i s o l a t e  B.^. I n d e e d  
s e e d l in g s  i n o c u l a te d  w i th  i s o l a t e s  n o t  fo rm in g  m y c e l ia l  c o rd s  w e re  a l s o  
s i g n i f i c a n t l y  l a r g e r .  Thus s e l e c t i o n  b a s e d  upon  t h e  p r e s e n c e  o f  m y c e l i a l  
c o rd s  a lo n e  w o u ld , i n  t h i s  c a s e ,  h a v e  l e a d  to  th e  c h o ic e  o f  a  c o m p a r a t iv e ly -  
i n e f f e c t i v e  m y c o r r h iz a l  fu n g u s , v i z  i s o l a t e  B.^.
T rap p e  ( l9 7 7 )  recom m ends t h a t ,  a s  an  a i d  to  t h e  c h o ic e  o f  m y c o r r h iz a l  
i n o c u la ,  i s o l a t e s  s h o u ld  b e  s c re e n e d  in  v i t r o  f o r  v a r io u s  p h y s i o l o g i c a l  
c h a r a c t e r i s t i c s  e .g .  g ro w th  r a t e s  on s e l e c t e d  m e d ia , a n ta g o n is m  a g a i n s t  
s e l e c t e d  p a th o g e n s ,  p r o d u c t io n  o f  c r i t i c a l  enzym es, a d a p t a b i l i t y  to  h ig h  
m o is tu r e  t e n s i o n s .  However th e  f u l l  p h y s io l o g i c a l  a c t i v i t y  o f  t h e  f u n g a l  
i s o l a t e  may n o t  be  e x p re s s e d  i n  m o n o c u l tu re .  T e s ts  to  d e te r m in e  th e
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e f f e c t i v e n e s s  o f  i s o l a t e s  s h o u ld  b e  c a r r i e d  o u t  when th e y  a r e  in  
m y c o r r h iz a l  a s s o c i a t i o n .  I d e a l l y  t h e s e  t e s t s  s h o u ld  t a k e  p l a c e  u n d e r  
a  num ber o f  d i f f e r e n t  e n v iro n m e n ta l  c o n d i t i o n s .  I n  t h i s  s tu d y  t h e  d r y  
w e ig h ts  o f  s e e d l i n g s  grown u n d e r  g re e n h o u s e  c o n d i t io n s  i n  i n f e r t i l e  
f o r e s t  s o i l  and  i n o c u l a te d  w ith  L . l a c c a t a  w ere  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  from  s e e d l i n g s  i n o c u l a t e d .w i t h  T . t e r r e s t r i s . However i n  
f i e l d  c o n d i t io n s  w ith  i n f e r t i l e  n u r s e r y  s o i l  s e e d l in g s  i n o c u la te d  w i th  
L . l a c c a t a  w e re  s i g n i f i c a n t l y  l a r g e r  th a n  th o s e  i n o c u l a te d  w ith  T. 
t e r r e s t r i s . The u s e  o f  p a r t i a l l y  s t e r i l i z e d  s o i l  was an  a t te m p t  t o  e n s u re  
t h a t  o n ly  t h e  i s o l a t e  u n d e r  t e s t  fo rm ed  m y c o r rh iz a s  w i th  th e  s e e d l i n g s .  
However t h i s  may l e a d  to  e r ro n e o u s  c o n c lu s io n s  a s  p a r t i a l  s o i l  s t e r i l i z a t i o n  
may b e n e f i t  s e e d l i n g s  by  s u p p r e s s in g  m ic ro o rg a n is m s  w h ich  a r e  a n t a g o n i s t i c  
e i t h e r  to  m y c o r r h iz a l  f u n g i  (R ay n er & N e i ls o n  J o n e s ,  1944 ; B r ia n ,
Honming & McGown, 1945; L e v iso h n , 1957a; T h eo d o ro u , 1967) o r  t o  p l a n t  
r o o t s  (Bowen & R o v ir a ,  1961; W arcup, 1 9 5 2 ) , o r  b y  r e l e a s i n g  s o i l  n u t r i e n t s  
(W arcup, 1 9 5 7 ) . Thus i s o l a t e s  m u st a l s o  b e  t e s t e d  f o r  t h e i r  a b i l i t y  t o  
co m pete  w i th  o t h e r  m ic ro o rg a n is m s , i n c lu d in g  m y c o r r h iz a l  f u n g i .
Upon t r a n s p l a n t i n g ,  t h e  f u n g a l  s p e c i e s  m o st e c o l o g i c a l l y  a d a p te d  
f o r  a  p a r t i c u l a r  t r e e  and  s o i l  c o m b in a tio n  w i l l  e v e n tu a l l y  d o m in a te  t h e  
r o o t  s y s to n ,  i f  th e y  a r e  p r e s e n t  i n  t h e  in d ig e n o u s  f u n g a l  p o p u la t io n .
Lamb ( l9 7 9 )  h a s  shown t h a t  t h e  e n t i r e  m y c o r r h iz a l  f l o r a  o f  n u r s e r y  grown 
s e e d l i n g s  i s  r e p l a c e d  w i th in  f i v e  y e a r s  o f  t r a n s p l a n t i n g .  T h is  s u c c e s s io n  
may b e  r e l a t e d  to  t h e  ch an g e  in  e d a p h ic  c o n d i t io n s  (B en eck e  8c GO bl, 1974) 
o r  t h e  c h a n g in g  p h y s io lo g y  o f  th e  d e v e lo p in g  t r e e .  M oser ( l9 6 2 )  h a s  
s t a t e d  t h a t  young t r e e  s e e d l in g s  may h a v e  d i f f e r e n t  m y c o r r h iz a l  a s s o c i a t i o n s  
th a n  m a tu re  f o r e s t  t r e e s .  However r e p la c e m e n t  o f  one  m y c o r r h iz a l  ty p e  
b y  a n o th e r  o c c u rs  even  i n  m a tu re  f o r e s t s  (M arks 8c F o s t e r ,  1 9 6 7 ) . I t  
w ould  be  f u t i l e  to  i n o c u l a t e  s e e d l in g s  w i th  m y c o r r h iz a l  f u n g i  w h ic h  w ou ld  
be  r e p l a c e d  im m e d ia te ly  upon t r a n s p l a n t i n g .  B enecke 8c GObl ( l9 7 4 )  fo u n d  
t h a t  upon  t r a n s p l a n t i n g  t h e  f u n g i  w h ich  fo rm ed  m y c o r rh iz a s  on s e e d l i n g s  
i n  n u t r i e n t - r i c h  n u r s e r y  s o i l s  w ere  r e p l a c e d  by  o th e r  s p e c i e s  fro m  th e  
r e l a t i v e l y  p o o f  s o i l s  o f  t h e  t r a n s p l a n t  s i t e .  Two o f  th e  m y c o r r h iz a l  
f u n g i  fo u n d  i n  a s s o c i a t i o n  w i th  n u r s e r y  grown P . s i t c h e n s i s  v i z  L . l a c c a t a  
and  T. t e r r e s t r i s , a l s o  o c c u r  i n  m a tu re  f o r e s t  s ta n d s  (T ra p p e  1 9 6 2 ) .
T h ese  f u n g i  e i t h e r  p e r s i s t  from  th e  n u r s e r y  o r  d i f f e r e n t  s t r a i n s ,  m ore
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a d a p te d  to  th e  t r a n s p l a n t  s i t e ,  c o lo n iz e  t h e  t r a n s p l a n t .  I f  t h e s e  
m y c o r r h iz a l  f u n g i  c a n  b e  shown to  p e r s i s t  upon  t r a n s p l a n t i n g  an d  b e n e f i t  
t h e  t r a n s p l a n t ,  i t  may b e  e a s i e r  to  a l t e r  t h e  e d a p h ic  c o n d i t io n s  o f  t h e  
n u r s e r y  to  e n c o u ra g e  d e v e lo p m en t o f  t h e s e  m y c o r r h iz a l  f u n g i  th a n  to  
i n o c u l a t e  w i th  o t h e r  f u n g i .  M enge, G rand & H a in e s  ( l9 7 7 )  h a v e  shown 
t h a t  t h e  ty p e s  o f  m y c o r rh iz a  i n  a  f o r e s t  p l a n t a t i o n  c a n  be  s u b s t a n t i a l l y  
a l t e r e d  b y  a p p l i c a t i o n  o f  f e r t i l i z e r .  BjOrkman ( l9 6 2 )  s u g g e s t s  t h a t  
a  b a la n c e d  f e r t i l i z e r  re g im e  s h o u ld  be  u s e d  i n  n u r s e r i e s  to  e n h a n ce  
m y c o r rh iz a  f o r m a t io n ,  r e c t i f i c a t i o n  o f  a  d e f i c i e n c y  r a t h e r  th a n  o v e r ­
f e r t i l i z a t i o n  i s  recom m ended. L e v iso h n  ( l9 6 5 )  s u g g e s t s  t h a t  a c i d i f i c a t i o n  
o f  t h e  s o i l  w ould  f a c i l i t a t e  t h e  r e p la c e m e n t  o f  t h e  * E - s t r a in *  f u n g i  by  
o t h e r  m y c o r r h iz a l  f u n g i .  T heodorou  & Bowen ( 1968a) h a v e  fo u n d  t h a t  i n c r e a s i n g  
t h e  s o i l  pH i n c r e a s e d  th e  num ber o f  * E - s t r a in *  m y c o r rh iz a s  w i th  P . - 
r a d i a t a  s e e d l i n g s .  M ik o la  ( l9 6 5 )  how ever fo u n d  t h a t  lo w e r in g  t h e  pH 
d id  n o t  a p p e a r  t o  h a v e  a n y  e f f e c t  on th e  a b i l i t y  o f  t h e  * E - s t r a in *  fu n g u s  
t o  form  m y c o r r h iz a s .  M oser ( l9 5 9 )  fo u n d  t h a t  i f  th e  e d a p h ic  c o n d i t i o n s  
o f  t h e  n u r s e r y  w e re  n o t  s u i t a b l e  f o r  t h e  i n o c u l a te d  f u n g u s ,  f r e q u e n t  
i n o c u l a t i o n  may b e  n e c e s s a r y  to  e n s u r e  a d e q u a te  m y c o r r h iz a l  f o r m a t io n .
M ik o la  ( 1970 ) r e g a r d e d  L, l a c c a t a  an d  T. t e r r e s t r i s  a s  f a c u l t a t i v e  
m y c o r r h iz a l  f u n g i  w h ich  w i l l  r e a d i l y  form  m y c o r rh iz a s  w i th  s e e d l i n g s  u n t i l  
m ore s p e c i f i c  m y c o r r h iz a l  f u n g i  r e p l a c e  them . M arx, B ryan  & G rand  ( l9 7 0 )  
c o n s id e r e d  t h a t  T. t e r r e s t r i s  i s  n o t  a  v e r y  e f f i c i e n t  m y c o r r h iz a l  fu n g u s  
i n  a d v e r s e  s i t e s .  However P y a t t  ( l 973) o b s e rv e d  s p o ro c a r p s  o f  L . l a c c a t a  
on w a s te  m e ta l  s p o i l s  and  B enson , E vans an d  P e te r s o n  ( l9 8 0 )  h a v e  r e c o r d e d  
s p o ro c a r p s  o f  L . l a c c a t a  and  T. t e r r e s t r i s  on a r s e n i c  t o x i c  m in e  w a s te .  
T h e r e f o r e  i t  i s  n e c e s s a r y  to  c o n s id e r  t h e s e  f a c u l t a t i v e  m y c o r r h iz a l  f u n g i  
f o r  i n o c u l a t i o n  p u rp o s e s  a s  th e y  a r e  u b iq u i to u s  i n  d i s t r i b u t i o n ,  c o lo n i z e  
a  num ber o f  t r e e  s p e c i e s  and  a r e  r e l a t i v e l y  e a s y  to  c u l t u r e .
I n  c o m p a rin g  i n o c u l a t i o n  r e s p o n s e s  o f  s e e d l i n g s  t o  d i f f e r e n t  m y c o r r h iz a l  
fu n g i  i t  m u st b e  n o te d  t h a t  i t  i s  n o rm al, f o r  t h e  h o s t  i n  i t s  n a t u r a l  
e n v iro n m e n t t o  h a v e  m any d i f f e r e n t  m y c o r r h iz a s .  T ra p p e  ( l9 7 7 )  e s t i m a t e s  
t h a t  t r e e s  beyond  t h e  s a p l in g  s t a g e  t y p i c a l l y  h a v e  a t  l e a s t  f i v e  an d  o f t e n  
do zen s  o f  d i f f e r e n t  m y c o r r h iz a l  a s s o c i a t i o n s .
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I t  i s  n o rm a l F o r e s t r y  C om m ission p r a c t i c e  to  t r a n s p l a n t  1 y e a r  o ld  
s e e d l i n g s  from  se e d b e d s  to  t r a n s p l a n t  b ed s  w i th in  th e  n u r s e r y .  One y e a r  
l a t e r  t h e s e  t r a n s p l a n t s  a r e  u s e d  f o r  a f f o r e s t a t i o n .  The h a n d l in g  and  
t r a n s p l a n t i n g  o f  b a r e - r o o t e d  s to c k  w i l l  c a u s e  a g r e a t  l o s s  o f  m y c o r r h iz a l  
s h o r t  r o o t s ,  p o s s ib l y  n u l l i f y i n g  to  some e x t e n t ,  t h e  e f f e c t  o f  i n o c u l a t i o n .  
The u s e  o f  c o n t a i n e r i s a t i o n  h a s  b een  a d v o c a te d  i n  A m erica  (R u e h le  & M arx, 
1977) to  g iv e  a  p a c k ag e d  s e e d l in g  r e a d y  f o r  p l a n t i n g  o u t  w i th  a n  i n t a c t  
r o o t  s y s te m . C o n t a i n e r i s a t i o n  w ould  a l lo w  e a s y  i n o c u l a t i o n  o f  th e  s e e d l in g  
a n d  no  l o s s  o f  t h e  m y c o r r h iz a l  r o o t  sy s tem  upon  t r a n s p l a n t i n g .  G r e a te r  
e s ta b l i s h m e n t  o f  s e e d l i n g s  on d i f f i c u l t  a f f o r e s t a t i o n  s i t e s ,  su ch  a s  
se c o n d  r o t a t i o n  s i t e s ,  may b e  a c h ie v e d  b y  p l a n t i n g  c o n t a i n e r i s e d  s e e d l i n g s  
in o c u l a te d  w i th  m y c o r r h iz a l  f u n g i  c h o se n  to  s u i t  t h e  s i t e  c o n d i t i o n s .
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D éh yd ration  s e r i e s
A ppend ix  I
30%
50%
75%
100% 
100% 
1 :3  
1 :1 
3:1 
100% 
100%
e th a n o l
e th a n o l
e th a n o l
e th a n o l
e th a n o l
a c e t o n e /  e th a n o l  
a c e t o n e /  e th a n o l  
a c e t o n e /  e th a n o l
a c e to n e
a c e to n e
20 m in 
20 m in 
20 m in 
20 m in  
o v e r n ig h t  
10 m in 
10 m in  
10 m in 
15 m in  
15 m in
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A ppend ix  2 
M o d if ie d  M e lin  N o rk ra n s  Medium
CaClg 0*05 g
NaCL O '025 g
KHgPO^ 0 -5  g
(HH_^)2HP0^ 0 -2 5  g
MgSO^.THgO O '15 g
FeCI ( l% s o l" )  1 -2  m l
T h iam in e  HCl 100 ug
M a lt  e x t r a c t  3 g
G lu c o se  10 g
A gar 15 g
D i s t i l l e d  w a te r  t o  make up to  1 1
F o rm a lin  -  a c e t i c  -  a lc o h o l  ( P .A .A .)
F o rm a lin  13 ml
A c e t ic  a c id  ( g l a c i a l )  5 ml
E th a n o l  (50%) 200 m l
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I n g e s t a d  M in e ra l  Medium
F o r s to r a g e  i t  was m ade up i n  t h r e e  s to c k  s o l u t i o n s ,  w h ich  w ere  
ad d ed  t o g e t h e r  t o  m ake t h e  f i n a l  s o l u t i o n .
S o lu t io n  A 
NH NO 
ÏCNO3 
K2SO4
106* 2 g 
3 7 -2  g 
22 -2  g
D i s t i l l e d  w a te r  to  1000 ml
S o lu t io n  B
T h is  was m ade up a s  com ponent s o l u t i o n s  and  th e s e  w e re  m ixed  to  
m ake up th e  s to c k  s o l u t i o n  a s  r e q u i r e d .
Component s o l u t i o n s
B^  40 m l HNOgfS.G. V 4 2 ) /2 5 0  ml
Bg 87*2  g CaCOg + 110 m is  co n e  HNO3
R e a c t ,  f i l t e r ,  d i l u t e  to  1 l i t r e .
S to r e  i n  am ber b o t t l e .
B3 8*11 g M nS0^.4H g0/l00  ml 
B^ 5 * 7 g H3BO3 /2 5 0  m l 
B^ 1*025 g C uC lg .2H ^0/250  ml 
Bg 1 * 35 g ZnSO^* 7Hg0/250 ml 
By O '80 g N a g M o 0 ^ .2 H g 0 /litre
S o lu t io n  C
KH2PO4
S o lu t io n  B 
10 ml B^  
100  m l B«
10 m l B3 
25 m l B4 
10 ml B^
10 ml Bg 
10 m l By
45*0 g Mg(N0 3 ) 2 . 6H20
2*094 g FeCgH^0 y . 5H20
( d i s s o lv e d  s e p a r a t e l y  w i th  
s l i g h t  h e a t )
D i s t i l l e d  w a te r  t o  1000 mls<
7-15  g / l
177
F i n a l  s o l u t i o n
4 m l A + 4 m l B + 4 m l C +  D i s t i l l e d  w a te r  to  1000 m l.
C o n c e n t r a t io n  o f  E le m e n ts  in  F i n a l  S o lu t io n  (ppm)
. N
NOj-N 126
NH^-N 74
P 6 -5
ÎC 130
Ca 14
Mg 1 6 '9
S 16
F e  1*4
Mn O '8
Cu 0 '0 6
Zn 0 '0 5
B 0 '4
Mo O '013
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‘APPENDIX 3
G reen h o u se  E x p e rim en t 
S h o o t D ry W eight
SOURCE d . f . S .S . M .S. F - r a t i o S ig n i f i c a n c e
BLOCKS 1 0-0776 0-0776 1-1263 N .S .
TREATMENTS 5 3-1227 0-6245 9-0639 ***
SOILS 1 6- 9198 6-9198 100-4325 ***
TxS 5 4 -9 7 3 4 0-9947 14-4369 ***
RESIDUAL 83 5-7233 0 -0689
TOTAL 95 20-8168
S h o r te s t  S i g n i f i c a n t  R anges
P :
5%Rp:
2
261
- 3
275
4-
285
5
291
6
297
7
300
8
304
9
307
10
309
12
313
R o o t D ry  W eigh t
SOURCE d . f . S. S. M. S. F - r a t i o S ig n i f i c a n c e
BLOCKS 1 0 -0 2 3 4 0 -0 2 3 4 0 -3 3 4 8 N .S .
TREATMENTS 5 3-3145 0-6629 9-4835 ***
SOILS 1 5-2257 5- 2257 74-7596 ***
TxS 5 3-4031 0-6806 9-7367 ***
RESIDUAL 83 5-7986 0-0699
TOTAL 95 17*7653
S h o r t e s t  S i g n i f i c a n t  R anges
P :
5%Rp:
2
261
3
275
4
285
5
291
6
297
• 7
• 300 304
9
307
10
309
12
313
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H e ig h t
SOURCE d . f . S .S . M .S. F - r a t i o S ig n i f i c a n c e
BLOCKS 1 26-460 2 6 -460 6 -2 0 7 *
TREATMENTS 5 - 370-000 74-000 17-359 ***
SOILS 1 766-140 766-140 179- 718 ***
TxS 5 516-793 103*359 24-245 ***
RESIDUAL 83 353-838 4 -2 6 3
TOTAL 95 2033-231
S h o r t e s t  S i g n i f i c a n t  R anges
p :  2 3 4  5 
5%Rp: 2-1 2 -2  2 -2  2 -3
R o o t / s h o o t  R a t io
6 7 8 9 10 12 
2 -3  2 -4  2*4 2 -4  2 -4  2*5
SOURCE d . f . S. S. M .S. F - r a t i o S i g n i f i c a n c e
BLOCKS 1 0-0 0 9 6 0 -0 0 9 6 . -941 N .S .
TREATMENTS 5 0-1543 0 -0 3 0 9 3-029 *
SOILS 1 0-0056 0 -0 0 5 6 -549 N .S .
TxS 5 0 -0842 0 -0 1 6 8 1 -647 •
RESIDUAL 83 0 -8505 0 -0 1 0 2
TOTAL 95 1 -1042
S h o r t e s t  S i g n i f i c a n t  R anges
P :
5%Rp:
4
11 11 11 11 12
i 9 10 12
12  *12  - 1 2  - 1 2
1 8 0
Shoot N mgs
SOURCE d . f . S. S. M .S. F - r a t i o S i g n i f i c a n c e
BLOCKS 1 9 7 '9 6 1 9 97* 9619 3*2458 N .S .
TREATMENTS 5 2581-5953 516*3191 17*1076 ***
SOILS 1 1723*0862 1723*0862 57*0923 ***
TxS 5 1009*9010 201 * 9802 6*6923 ***
RESIDUAL 83 2504*9987 30*1807
TOTAL 95 7917*5431
8 9 10 12 
27 6*35 6*41 6*45 6*53
S h o r t e s t  S i g n i f i c a n t  R anges
p :  2 3 4  5 6 7 
5%Rp: 5 -4 6  5*75 5" 94 6*08 6 -2 0  6-
R oo t N mgs
SOURCE d . f . S. S. M .S. F - r a t i o S i g n i f i c a n c e
BLOCKS 1 4*7856 4*7856 . 0*4125 N .S .
TREATMENTS 5 219*3973 43*8795 3*7826 **
SOILS 1 6*6834 6*6834 o ' 5761 N .S .
TxS 5 360*5799 72*1160 6*2167 *** •
RESIDUAL 83 962*8317 1 1 ’ 6004
TOTAL 95 1554*2779
S h o r t e s t  S i g n i f i c a n t  R anges
p :  2 3 4  5 6 7 8 9 10 12 '
5%Rp: 3"38 3"56 3 '6 8  3 '7 7  3*84 3 '8 9  3"94 3 '9 7  4*00 4*05
1 8 1
Shoot P mg
SOURCE d . f . S. S. M .S. F - r a t i o S i g n i f i c a n c e
BLOCKS 1 1 .4915 1*4915 2*701 N .S .
TREATMENTS 5 30*0564 6*0113 10*886 ***
SOILS . 1 86*1694 86*1694 156*047 ***
TxS 5 4* 3840 0*8768 1*588 N .S .
RESIDUAL 83 45" 8319 0*5522
TOTAL 95 1 6 7 '9332
S h o r t e s t  S i g n i f i c a n t  R anges
p :  2 3 4  5 6 7
5%Rp: *74 '7 8  *81 '8 2  '8 4  '8 5 86
9
87
10
*87
12
-88
R oo t P mg
SOURCE d . f . S. S. M .S. F - r a t i o S i g n i f i c a n c e
BLOCKS 1 0*030 0*030 0*213 N .S .
TREATMENTS 5 3? 493 0* 6986 4*902 ***
SOILS 1 21 * 1782 21*1782 148*6189 ***
TxS 5 4* 6942 0* 9388 6*5881 ***
RESIDUAL 83 11 * 8296 0*1425
TOTAL 95 4 1 ’ 225
S h o r t e s t  S i g n i f i c a n t  R anges
p :  2 3 4 5 6 . 7
5%Rp: '3 7  . '3 9  *41 *42 '4 2  '4 3 44
9
44
10
*44
12
•45
182
Shoot K mg
SOURCE d . f . S . S. M .S. F - r a t i o S i g n i f i c a n c e
BLOCKS 1 0*9187 0*9187 0*1111 N .S .
TREATMENTS 5 393*4796 78*6959 9*5179 ***
SOILS 1 196*9945 196*9945 23*8256 ***
TxS 5 726*0747 145*2149 17*5631 ***
RESIDUAL 83 686*2644 8*2682
TOTAL 95 2003 ' 7319
S h o r t e s t  S i g n i f i c a n t  R anges
p :
5%Rp:
2
2'86
3
3*01
4  5
3*11 3*1
6 7 8 9 10 12
3*24 3*29 3*33 3*36 3*38 3*42
R oo t K mg
SOURCE d . f . S .S . . M .S. F - r a t i o S i g n i f i c a n c e
BLOCKS 1 1*5377 1*5377 0*2316 N .S .
TREATMENTS 5 248*539 49* 7078 7*488 ***
SOILS 1 425*4205 425*4205 64*0877 ***
TxS 5 397*4931 79*4986 11*976 ***
RESIDUAL 83 550*9596 6*6381
TOTAL 95 1623* 9499
S h o r t e s t  S i g n i f i c a n t  R anges
p :  2 3 4 5 6 7 8 9 10 12
5%Rp: 2*56 2*69 2*78 2*85 2*90 2*94 2*98 3*00 3*02 3*06
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Shoot N%
SOURCE d . f . S. S. M .S. F - r a t i o S ig n i f i c a n c e
BLOCKS 1 0*0116 0*0116 0*0626 N .S .
TREATMENTS 5 8*7791 1*7558 9*470 ***
SOILS 1 9 '2 4 3 9*243 49*8543 ***
TxS 5 27*0279 5*4056 29*1564 ***
RESIDUAL 83 15*3915 0*1854 .
TOTAL 95 60*4531
S h o r t e s t  S i g n i f i c a n t  R anges
p :
5%Rp:
2
43
3
45
4
47
5
48 49
7
49 •50
9
•50
10 -
•51
12
•51
R o o t N%
SOURCE d . f . S .S . M .S. F - r a t i o S i g n i f i c a n c e
BLOCKS 1 0*6211 0* 6211 5*0578 *
TREATMENTS 5 10*8427 2*1685 17*6588 ***
SOILS 1 22*1069 22*1069 180*0236 ***
TxS 5 6* 2770 1 * 2554 10*2231 ***
RESIDUAL 83 10*1944 0*1228
TOTAL 95 50*0421
S h o r t e s t  S i g n i f i c a n t  R anges
p :  2 3 4 5
5%Rp: *35 '3 7  *38 '3 9 41
9
41
10
•41
12
•4 2
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Shoot P%
SOURCE d . f . S .S . M .S. F - r a t i o S ig n i f i c a n c e
BLOCKS 1 0*002 0*002 0*7692 N .S . ■
TREATMENTS 5 0*0467 0*0093 3*5769 **
SOILS 1 0*138 0*138 53*0769 ***
TxS 5 0*1838 0*0368 14*1538 ***
RESIDUAL 83 0*2132 0*0026
TOTAL 95 0*5837
S h o r t e s t  S i g n i f i c a n t  R anges
p :  • 2 3 4  5 6 7 ‘ 8 9 10 12
5%Rp: '0 5  *05 *06 '0 6  '0 6  '0 6  '0 6  *06 *06 *06
R oo t P%
SOURCE d . f . S .S . . M .S. F - r a t i o . S i g n i f i c a n c e
BLOCKS 1 0*0038 0*0038 5*8460 *
TREATMENTS 5 0*0258 0*0052 8*0000 ***
SOILS 1 0* 0243 0*0243 37* 3846 ***
TxS 5 0*0306 0*0061 9* 3846 ***
RESIDUAL 83 0*0538 0*00065
TOTAL 95 0*1383
S h o r t e s t  S i g n i f i c a n t  R anges
p :  2 3 4  5 6 7
5%Rp: *03 *03 *03 *03 *03 *03 03
9 10
03 *03
12
*03
185
Shoot Z%
SOURCE d . f . S. S. M .S. F - r a t i o S ig n i f i c a n c e
BLOCKS 1 O '028 0*028 1 T600 N .S .
TREATMENTS 5 2 '2 3 6 6 0*4473 25*560 ***
SOILS 1 2 '8 4 9 7 2* 8497 162*840 ***
TxS 5 O '1857 0*0371 2*120 N .S .
RESIDUAL 83 1-4572 0*0175
TOTAL 95 6* 7572
S h o r t e s t  S i g n i f i c a n t  R anges 
p :  2 3 4  5 
5%Rp: * 13 ‘ 14 ‘ 14 ‘ 15
6 7 
*15 *15
8 9 
*15 *16
10 12 
* 16 * 16
R oot K%
SOURCE d . f . S .S . M .S. F - r a t i o S i g n i f i c a n c e
BLOCKS 1 0*2035 0*2035 5*4122 *
TREATMENTS 5 0* 3637 0*727 .1 * 9335 N .S .
SOILS 1 0*0727 0*0727 1*9335 N .S .
TxS 5 0*4895 0*0979 2*6037 *
RESIDUAL 83 3 ‘ 1215 0*0376
TOTAL 95 4 .2 5 0 9
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F i e l d  E x p e rim en t 
S h o o t D ry  W eight
APPENDIX 4
SOURCE d . f . S .S . M .S. F - r a t i o S i g n i f i c a n c e
ROWS 4 0*2987 0*0746 1*2951 N .S .
COLUMNS 4 0*8301 0*2075 3*6024 *
TREATMENTS 4 18*1298 4*5324 78*6875 ***
ERROR 12 0*6914 0*0576
TOTAL 24 1 9 ' 95
S h o r t e s t  S i g n i f i c a n t  R anges 
p :  2 3 4  5
5%Rp: O '33 O '346 O '356 0*359
R oo t D ry  W eigh t
SOURCE d . f . S .S . M .S. F - r a t i o S i g n i f i c a n c e
ROWS 4 0*0887 0* 0221 0*5115 N .S .
COLUMNS 4 0*3216 0* 0804 1 * 8611 N .S ..
TREATMENTS 4 5*3518 1*3379 30*9699 ***
ERROR 12 0*5185 0*0432
TOTAL 24 6*2806
S h o r t e s t  S i g n i f i c a n t  R anges 
p :  2 3 4  5
5?oRp: *286 *300 *310 *312
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Shoot Length
SOURCE d .£ . S .S . M .S. F - r a t i o S ig n i f i c a n c e
ROWS 4 1-4 1 0 4 0-3526 O '8701 N .S .
COLUMNS 4 3 -0024 O' 7506 1 '8 5 2 4 N .S .
TREATMENTS 4 4 6 -0 5 4 4 11-5136 28-4146 ***
ERROR 12 4 -8 6 3 2 0 -4052
TOTAL 24 55-33
S h o r t e s t  S i g n i f i c a n t  R anges
p :  2 3 4  5
5%Rp: '8 8  '9 2  '9 5  '9 6
R o o t /s h o o t  R a t io
SOURCE d . f . S .S . M .S. F - r a t i o S i g n i f i c a n c e
ROWS 4 0 -2 6 9 2 O' 0673 1-9911 N .S .
COLUMNS 4 O' 3994 0 -0 9 9 8 2-9526 N .S .
TREATMENTS 4 O' 7016 0 -1 7 5 4 5-1893 *
ERROR 12 -4067 0-0338
TOTAL 24 1*7769
S h o r t e s t  S i g n i f i c a n t  R anges
p :  2 3 4  5
5%Rp: '2 5 3  '2 6 4  '2 7 2  '2 7 6
Shoot N mg
SOURCE d . f . S .S . M .S. F - r a t i o S ig n i f i c a n c e
ROWS 4 2-3 8 9 0-5 9 7 0 -8 6 0 N .S .
COLUMNS 4 1-780 0-445 50-601 N .S .
TREATMENTS 4 20- 701 5 -1 7 6 -9 9 3 **
ERROR 12 8-8 8 8 0- 740
TOTAL 24 33-758
S h o r t e s t  S i g n i f i c a n t  R anges 
p :  2 3 4 
5%Rp: 1*19 1 '2 4  1 '2 8
5
1 -2 9
R oot N mg
SOURCE d . f . S .S . M .S. F - r a t i o S i g n i f i c a n c e
ROWS • 4 27-752 6- 938 23 -2 0 4 ***
COLUMNS 4 1-564 0-391 1 -3 0 7 N .S .
TREATMENTS 4 29-215 7*303 2 4 '4 2 4 ***
ERROR 12 3-599 0- 299
TOTAL 24 62-130
S h o r t e s t  S i g n i f i c a n t  R anges 
p :  2 3 4  5
5%Rp: -75  '7 9  '8 2  '8 2
189
Shoot P mg
SOURCE d . f . S .S . M .S. F - r a t i o S ig n i f i c a n c e
ROWS 4 0 -0 3 7 0 -0 0 9 1-125 N .S .
COLUMNS 4 0-010 0 -0 0 2 0-250 N .S .
TREATMENTS 4 0 -7 2 4 0-1810 22-625 ***
ERROR 12 0-101 0 -0 0 8
TOTAL 24 0 -8 7 2
S h o r t e s t  S i g n i f i c a n t  R anges 
p :  2 3 4 
5%Rp : *12 -13  -13
R oot P mg
5
-13
SOURCE d . f . S .S . M .S. F - r a t i o S i g n i f i c a n c e
ROWS • 4 0 -2 3 3 . 0*058 9-666 ***
COLUMNS 4 0 -0 2 2 0 -0 0 5 0 -8 3 3 N .S .
TREATMENTS 4 0 -4 7 4 0*118 1 9 :666 ***
ERROR 12 0-080 0 -0 0 6
TOTAL 24 0 -8 0 9
S h o r t e s t  S i g n i f i c a n t  R anges
p :  2 3 4  5
5%Rp: 11 11 12 12
190
Shoot K mg
SOURCE d . f . S. S. M .S. F - r a t i o S ig n i f i c a n c e
ROWS 4 2- 329 0 -5 8 2 3 -3 6 4 *
COLUMNS 4 1-018 0 -2 5 4 1-468 N .S .
TREATMENTS 4 1 5 '5 1 5 3-878 22-416 ***
ERROR 12 2 -082 0 -1 7 3
TOTAL 24 20-944
S h o r t e s t  S i g n i f i c a n t  R anges
p :  2 3 4  5
5/oRp: *57 *60 *62 -63
R oo t K mg
SOURCE d . f . S .S . M .S. F - r a t i o S i g n i f i c a n c e
ROWS 4 0 -1 3 8 0 -034 0-441 N .S .
COLUMNS 4 0-300 0 -0 7 5 0 -9 7 4 N, S.
TREATMENTS 4 5-581 1-395 1 8 '1 1 6 ***
ERROR 12 0-931 0 -0 7 7
TOTAL 24 6 -9 5 0
S h o r t e s t  S i g n i f i c a n t  R anges 
p :  2 3 4 5
5%Rp: - 38 -40  -41 "42
191
Shoot N%
SOURCE d . f . S .S . M .S. F - r a t i o S i g n i f i c a n c e
ROWS 4 4 -6 3 5 1 -158 4 -0 3 4 *
COLUMNS 4 0-941 0 -2 3 5 0 -8 1 8 N .S .
TREATMENTS 4 1-972 0-493 1 -7 1 7 N .S .
ERROR 12 3 .4 4 9 0 .2 8 7
TOTAL 24 10-997
R oo t N%
SOURCE d . f . S .S . M .S. F - r a t i o S i g n i f i c a n c e
ROWS 4 14- 984 3-746 35-339 ***
COLUMNS 4 0-471 0-117 1 -103 N .S .
TREATMENTS 4 0 -6 8 0 0 -1 7 0 1 -6 0 3 N .S .
ERROR 12 1-274 0 -106
TOTAL 24 17-409
192
Shoot F%
SOURCE d . f . S .S . M .S. F - r a t i o S i g n i f i c a n c e
ROWS 4 O '091 0*022 7*333 **
COLUMNS 4 O '007 0*002 0*666 N .S .
TREATMENTS 4 0*06 O '015 5*00 *
ERROR 12 0*037 0*003
TOTAL 24 O '195
S h o r t e s t  S i g n i f i c a n t  R anges 
p :  2 3 4  5
5%Rp: -07  '0 8  '0 8  '0 8
R oo t T%
SOURCE d . f . S .S . M .S. F - r a t i o S i g n i f i c a n c e
ROWS . 4 O '139 0 -0 3 4 34*00. ***
COLUMNS 4 0 -018 0 -0 0 4 4*00 *
TREATMENTS 4 0-035 0 -0 0 8 8 -00 ***
ERROR 12 0 -0 1 4 0-001
TOTAL 24 0 -2 0 6
S h o r t e s t  S i g n i f i c a n t  R anges 
p :  2 3 4  5
5%Rp: *04 '0 5  '0 5  '0 5
193
Shoot K%
SOURCE d . f . S .S . M .S. F - r a t i o S i g n i f i c a n c e
ROWS 4 0 -3 3 9 0 -0 8 4 2-800 N .S .
COLUMNS 4 0-0 1 5 0*003 0-1 0 0 N .S .
TREATMENTS 4 0-120 0-0 3 0 1-000 N .S .
ERROR 12 0 -3 6 4 0-030
TOTAL 24 0-8 3 8
R oo t K%
SOURCE d . f . S .S . M .S. F - r a t i o S i g n i f i c a n c e
ROWS • 4 0 -1 4 0 . 0 ;0 3 5 11-666 ***
COLUMNS 4 0-048 0 -0 1 2 4 -0 0 0 *
TREATMENTS 4 0-091 0 -0 2 2 7 '3 3 3 **
ERROR 12 0 -0 4 3 0 -003
TOTAL 24 0 -3 2 2
S h o r t e s t  S i g n i f i c a n t  R anges 
p :  2 3 4  5
5%Rp: -0 7  -08  -08  -08
194
